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➻➥➼✆➯✥➨✆➭✣ò❅➩✔➻✹➭❃➳✧➧✆➲ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✻ ✂
Þ




ô✖❖ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✻✈⑧










✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✻ ➄
Þ✑Þ
✓✩☎ ✓ ☎ ✗
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✓ ✂ ✓ ☎ ✗
✙
➭❉➭✏➩✣➳❘➫❱➨✆➭✑➳❘➧✾➲❵➼✆➯➥➵✧➻➥ó✞ê✆➻✡✥✏➲➜➯➺ö✆➩✔➳✧➲➜ó÷➳✶ö❇➻✞➵❛➯➥➯❅➭✮➼✆➯ðî✛é




✓ ✂ ✓ ✂✞✗
✙










✓ ✻✞✓ ☎ ✗
Ý






➯ðî✛ó✞➧✆➲ð➭õ➩✔➻✬➳✧➲ð➭✣➯ðîs➧✾➩✑➳❘➯÷➲✵➭✣➻❅➭❃➳✧➧✆➲✆➲✆➯✞➵❉➵❛➯❩î✆✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓❤⑧ ☎
Þ✑Þ
✓ ✻✞✓ ✂ ✓✩☎ ✗
Þ
➲✞➭✣➯✬➩✔➻✞ó❅➭❃➳❘➧✾➲❵➼✆➳✰ö➜➧✫➵❘➻÷➳✶➩✹➯✍✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓❤⑧ ✂
Þ✑Þ
✓ ✻✞✓ ✂ ✓✩☎ ✓ ☎ ✗
✙
î✑ö➜➯✞ó✥➭➐➭❃ê❫ò✞➧❩➩✑➳✧ïð➨✻➯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓❤⑧ ✂
Þ✑Þ
✓ ✻✞✓ ✂ ✓✩☎ ✓ ✂✞✗
Ý
➯ðî✕➫➜➻✙ó❅➭✣ò✬➩✔➳✧➧✆ö✆ê✆➻✬➸➜➯ðî ✫❃➳❉➵❛➻✞ëÚ➯÷➲✵➭✣➯❅➨✏✛ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓❤⑧ ⑧









➯➥ó✞➻✞➵✧ó❅➨✺➵➜➼✆➯➝î❭➭❃➩❃➨✺ó❅➭✏➨➜➩✔➯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓❤⑧ ➄
Þ✑Þ✑Þ
✓ ✂ ✓✩☎ ✗
Ý
➯➥ó✬ê✆➻✞ë❲öÚ➼✆➯✰✫❃➧✾➩✳ó✞➯✭✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓❤⑧ ⑩
Þ✑Þ✑Þ
✓ ✂ ✓ ✂✞✗☛ñ❦ò✹➭❃ê✆➧➜➼✆➯➥➼✆➯➺ó✞➻✞➵✧ó✥➨❇➵
✁
✙➺Ö➺Þ✬✙
☎ ✓ ✂ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✠✟✝
❱ ✩✿❢❤✐❉❨❭❵✺❫✷✐✸❫✺✐✸❫ ❿✕❲ ✜ ✣ ❱✄✂❴❵✷✐✫❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞
✠ ✂
❃❅❄✗❆✦❇❉❈✒❊✤❋✷● ❍ ❍➀❍ ◗ ☎ ❋✎✍ ☎✎✂✝✆ ❊✕❈ ✍ ✌ ●✰❊ ❆❩❊✤❊❴❋✷❈✟✞✄✂❩❊✕❈ ✍ ✌ ☎✷● ✓✤❆
❇✹❋✎✍✫❊✕●✰❈ ✌✦●✲❘✤✂✡✠☞☛ ✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔
✠ ➄







✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✠✈⑩

















✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓❳➄☞☎
❱✻❱P❱★❢ ✜✷❨❂❨❭❬✤❱✻❾q❵❩❨❝❱★❪✕❲ ❫✿✐❸❥❜❬✤♥❸❥➀❪✕❲ ✜❦❲✢❛ ✐❸❥❜❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞
➄ ✂
Þ✑Þ✑Þ
































➧ð➭✣➯➥➼❇❆❛➻ ➭❛➭❃➩✑➳✰➫❩➨✆➭✣➳✧➧✾➲✣✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓❤⑩ ✠
Þ✑Þ✑Þ
✓❶⑩ ✗✁ ➏ó✬ê✆➻✓➲❩➸✺➯➥➼✆➯➺ö✆➩✑➧ð➭☛➧✾➲➜î✛➻✞ë✉➳❛➼✆➯❩î ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓❤⑩ ✠






















➯ ➵✧➧✆➲❩➸❩➨✺➯➺ö➜➧✆➩❭➭✣ò✞➯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✣ ✂





✓✩☎ ✗☛➦✲➩✔ò✬ö➜➻✬➩✳➻ ➭❃➳✧➧✆➲❵➼ð➨Úë❵➳❉➵❛➳❉➯✥➨↕ó✓➩✗➳✏î❃➭✣➻÷➵➜➵✧➳❛ïð➨❇➳❛➼✆➯➥➯❅➭✮➼✆➯ðî✛ò✙ó✬ê✆➻✞➲ð➭✣➳✧➵❉➵✧➧➜➲✫î ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✣ ➄
Þ✑Þ✑Þ




✓✩☎ ✓ ✂✞✗☛ñ❦➯ðî❃➨➜➩✔➯➥➼✆➯➥ó✓➧❫➨➜ö✆➵✧➻✓➸➜➯❫îs➼✾➳✰ö➜➧➜➵✧➻✞➳❍➩✳➯ðî❆➩✔òðî✔➳❛➼ð➨✺➯✞➵✏î✛➵❉➯➥➵✧➧✆➲❩➸Ú➼✆➯➥➵❉➻➥ó✓ê➜➻✦✥✏➲➜➯➺ö➜➧✆➵✰í✆ö➜➯✬ö❩➭✣➳✧➼✆➳❉ïð➨✺➯ ✓ ✓ ✓ ✓ ✓ ✓ ✣✈⑩
Þ✑Þ✑Þ
✓✩☎ ✓ ✂ ✓✩☎ ✗☛➦✲➩✑➳✰➲➜ó✞➳✰ö✺➯➥➼✆➯ ➵❘➻ ëÚ➯ðî❃➨➜➩✔➯✆✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✣✈⑩
Þ✑Þ✑Þ




✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✣✖✣
Þ✑Þ✑Þ
✓✩☎ ✓ ✂ ✓ ✻✟✗
×
✛ð➭❃➩✳➻✞ó ➭❃➳❘➧✾➲❵➼✆➯✵î✛ó✞➧❩➨➜ö✫➵✧➻✓➸➜➯❫îs➼✾➳✰ö➜➧➜➵✧➻✞➳❍➩✳➯ðî❆➩✔òðî✔➳❛➼ð➨✻➯✞➵☛î✞✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✣✖✣
❱ ✩✿❢✻❛✕❪❸❲ ❨❭❬✄✜✿❱❳❲✗❨❝✐❸❥❜❫✺✐✼❣❂❱✖✜✺❱ ❥①❪✕❲✌❥❜➁✷❿ ❫✷❬✰❪ ✭✑✡♣❲✦✐✦❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞
☎ ✝✟✝







ô✚✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎ ✝☞☎
✩✺❢ ✜✤❲ ✜✺❣❉❿✢❥➂✐✸❫✷✐✼❣★✜ ❫ ❿❸❲ ✜ ✣☎❱✄✂✿❵✿✐✸❫✺✐ ❥✍✌✏✎ ✜✮❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞
☎ ✝✈⑩
❃❅❄✗❆✦❇❉❈✒❊✤❋✷● ✂ ◗ ☎ ❍❽❘ ❃
✁
❘✺❘✤❍✄✂ ✠ ✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✗✔✖✔✗✔✖✔✖✔✆☎✝☎✟✞
✽✡✠☞☛✍✌✏✎✒✑✓✠✕✔✗✖✓✘✚✙✜✛✢✠✮✵✷✶✣✖ ✽✏✤✦✥ ✑✧✠ ★✪✩✬✫✬✭✯✮✱✰✍✫✏✲✴✳✵✭✶✳✱✷✸✷✸✹✻✺✽✼✾✲❀✿✢✿❁✿✢✿❁✿
✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧
☎✔✂✞✝
❱✯❢P❛✕❪✕❲✗❨❭✐✗❂ ❨❝✐✸❾✤❱✯❪ ❣❹❪ ✭✰❱ ✂❴❵✷✐✸❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞
☎✔✂✞✝
❱✻❱❷❢ ✣✧✜ ❨❝♥▼❬✤❱ ✐✴❣❸❥✦✐❉❨ ✣❅♥r❨❻➁ ❪❴❫✷✐❸❥✴❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞
☎✔✂✏✻
❱✻❱P❱★❢ ❬❸♥✤❥➂❵✷❣❉❨✫✜ ❨✹❥❜✐r❨✝❫✷❱ ❥➀❛✹❵✗❥⑥❥ ❱✯❪✕❲✾❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞
☎✔✂
③





ë ➻✬➩✔ïð➨✺ò✞➯✍✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎✔✂✞✠





➼✆➯✸◆P❖❘◗❚❙ ✘P❯❱◗❁❲✗❳❨❙❩❳ ✚✢✚ ✜❭❬❱❪P❲ ✔✥✔✤✔✥✔✥✔✥✔✥✔✤✔✥✔✥✔✥✔✥✔✤✔✥✔✥✔✥✔✥✔✤✔✥✔✥✔✥✔✥✔✤✔✥✔✥✔✥✔✥✔✤✔✥✔✥✔✥✔✥✔✤✔✥✔✥✔✥✔✥✔✤✔✥✔✥✔✥✔✥✔✤✔✥✔✥✔✥✔✥✔✤✔✥✔✥✔✟☎✔✂❙⑩
✯
☎ ✓ ☎ ✗✣éì➻✓➩✔➻✞ó❅➭✣ò✬➩✣➳❉î❭➭✣➳✧ïð➨✺➯ì➫➜➳✧➧➜ó✞ê✆➳❉ë♥➳❛ïð➨✺➯✟✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎✔✂❙⑩
✯
✓ ☎ ✓ ✂✞✗✑é✸➻✬➩✳➻✞ó ➭✣ò✓➩✑➳❉î❭➭✣➳✧ïð➨✺➯❩î✱î✣ö➜➯✞ó❅➭❃➩✔➧❇î✔ó✓➧✾ö✆➳❘ïð➨✺➯❫î ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎✔✂✏✣
✯
✓ ☎ ✓ ✂ ✓✩☎✔✗✠ô✾ö➜➯✙ó ➭❃➩✣➧✻î✳ó✞➧✆ö✆➳✧➯
✢ ✯
✗ ✗➜➳✏î✔➳✰➫❇➵❛➯✞✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎✔✂✏✣
✯
✓ ☎ ✓ ✂ ✓ ✂✟✗✠ô✾ö➜➯✙ó ➭❃➩✣➧✻î✳ó✞➧✆ö✆➳✧➯➥➼✆➯ ë ➻ðî✥î✔➯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎✔✂✏✣
✩ ❱❷❢ ✜✤❲ ✜✺❣❉❿✢❥➂✐✸❬✬✣✼❲ ❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞
☎✤✻✟✝
  ✘✚✌✧✛✂✁ ✛❁✠☎✄✵✠✦✔ ✖✓✘✚✙ ✛❁✠✮✵✝✆ ✖ ✙✪✠✬✘✚✛❘✠✟✞✠✁ ✠✡✙✡✄✵✠✡✙☞☛ ✌ ✑✓✠✌✁❴✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧★✧★✧✩✧★✧✩✧




❱✯❢ ✣✧✜✷❨❝♥▼❬✤❱✻✐❂❣✸❾✤❱❷❪✿❣❹❪✆✭ ❱ ✂❴❵✷✐✌❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞
☎✤✻✟✠
Þ
✓✩☎ ✗ î✣➧❩➨✺ó✬ê✆➯ðîs➯❅➭✲ö✆➵✧➻❩î✔ë✉➳❛➼➜➯ðî ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎✤✻✟✠
Þ




✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎✤✻✟✠
❱✻❱❷❢✯❨❻✐❉❛ ➁❦❲✦❱✄✂❴❵✷✐❸❥❜❫✷✐✸❾✤❱✯❪✿❛ ➁✺❱ ✣☎❱✻✐❅❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞
☎✤✻ ➄
Þ✑Þ




➩✳➻✬➳✜➭✣➯✞ë❵➯✞➲ð➭✮➼✆➯ðî✛➯✡✛❩➭❃➩✔➻✬➳✩➭✔î✱î✔➧✆➵✜➨➜➫➜➵❉➯❩î ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎✤✻ ➄
Þ✑Þ
✓ ✻ ✗☛➦✌➨➜➩✑➳ ✫❭➳❛ó✵➻❅➭❃➳✧➧✆➲❵➼✆➯❩î❆ö✆➩✔➧ð➭✣ò✬➳✧➲❫➯ðî ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎✤✻✈⑩
Þ✑Þ










➲❫➧ ✦ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎✤✻✈⑩







✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎✤✻✈⑩
Þ✑Þ✑Þ
✓✩☎ ✓✩☎ ✗õ➦✲➩✔ò✬ö➜➻✓➩✔➻ ➭❃➳❘➧✾➲❵➼✆➯✵î✛ò✞ó✞ê✆➻✞➲ð➭✣➳✧➵❉➵✧➧➜➲✫î ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎✤✻✖✣
Þ✑Þ✑Þ
✓✩☎ ✓ ✂✞✗✑é✱➧✆➲✆➼✆➳✜➭✑➳❘➧✾➲➜î✛➼✆➯ ë❵➳✧➸✆➩✔➻❅➭✣➳✧➧✆➲❵➯❅➭✌➩✳ò✦✗➜ò✞➵❛➻❅➭✣➳✧➧✾➲ ➼✆➯ðî❆ö✆➩✔➧ð➭✣ò✬➳✧➲❫➯❫î ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎✤✻✖✣
Þ✑Þ✑Þ
✓ ✂✞✗ ✒❏➧❇î✔➻✬➸➜➯➝î❃➭✣➻✬➲✆➼✆➻✬➩✳➼ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎
③
✝










➯❅➭✮ó✓➧✾➲➜î❭➭❃➩❭➨✺ó✹➭❃➳✧➧✆➲❵➼ð➨Úö✫➵❘➻❫î✔ëÚ➳❛➼✆➯➥➼❇❆❉➯✲✛✆ö✆➩✳➯❫î✠î✔➳✧➧✫➲✮✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎
③
☎
❱✻❱❷❢❤❺♦❬✰❪✤❫✺❵ ❛✕❨▼❱✯❪❸❲ ✐r❨ ❺♦❵✺❬✰❱✻❧♠❱✯❛ ✜ ❨❝❱★❪✤❲ ❫✺✐ ❣★✜ ❺♠❬✰❪✷❨❭♥✹❱❼❲❜✐ ❥✏✌✏✎ ✜

















✓ ✂ ✓ ☎ ✗
×









➯✞ó✞➧✆➲✫î❭➭❃➳✩➭✏➨✆➭❃➳✧➧✾➲ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ☎
③ ③









❱✻❱❷❢✻❛ ✜✺❣❉❛✹❵✷❣ ❫✷✐ ❥❽❨❭❬✕❵ ❛❸❨❭❵✺❬✤✐✫❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞❡❞
☎✥⑧
③
❋✷● ✠✹●✰❋❜● ✌ ✆❜● ✞ ✞✤❈ ✞ ✓✤❈ ✍
✑





é✸➧✆ë✉ëÚ➯❵➲✆➧❩➨✌î✸➵✧➯✘✗✾➯✬➩✑➩✔➧✆➲✫î▼✬➐➵✧➯❩î✱ö✆➩✳➧❫➭✣ò✬➳✧➲❫➯ðî ✙❲ó✞➯✞➲ð➭❃➩✳➯ ✫❃➯✓➩ ✗✔î✔➧❩➨✞✫✏➩✔➯✫✴✻⑤ ✤➐➯ ✗✹ô⑨⑦
✶
ó✞➧✆➲ð➭❃➩✪✩✆➵✧➯✞➲ð➭❆➨➜➲♥➸✆➩✳➻÷➲➜➼
➲✆➧➜ë ➫❫➩✔➯❦➼✆➯ ✫❃➧✫➲✆ó✥➭✑➳✧➧✆➲✫î➒➫➜➳✧➧✫➵✧➧✆➸➜➳❉ïð➨✺➯❩î ✓
Ö
ò✞ó✞➯✞ë♥ëÚ➯✞➲ð➭✪✬ ➨➜➲❻➼✆ò ✫✑➳❛ó✞➳✜➭➒➼✆➯➶ó✞➯✞➲ð➭❃➩✔➯✌⑤ ✤✲➯ ✗✠ô✈⑦➒➻❦ò❅➭✣ò ➩✳➯✞ó✬➧✆➲❩➲❩➨
ó✞➧✆ë❵ë♥➯Ó➨❇➲❫➯♣➼➜➯ðî❋ó✞➻✬➩✔➻✞ó✥➭✣ò✬➩✔➳☛î❃➭❃➳✧ïð➨✻➯ðî♥➫➜➳✧➧➜ó✞ê✆➳❉ë♥➳❛ïð➨✺➯ðî❋ë↕➻ ✮✔➯❅➨➜➩✔➯❩î❋➼✆➯➄ö➜➻❅➭❃ê❫➧✫➵✧➧✆➸✫➳❘➯ðî↕➲➜➯❅➨➜➩✔➧➜➼✆ò✬➸➜ò✬➲❫ò✬➩✔➻❅➭❃➳✜✗✺➯❩î
ó✞➧✆ë❵ë♥➯♥➵✚✔ ➻❅➭✣➻✦✛➜➳❛➯❵➼✆➯ ✤✌➩✔➳✧➯✞➼❩➩✔➯✞➳❛ó✞ê✖✬✕➵❉➳❛ò✞➯❘✙➝➨❇➲➒➼➜ò ✫✑➻❅➨✆➭➏➼✖✔ ➯✲✛✆ö✆➩✔➯ðî✥î✔➳❘➧✫➲➒➼❈✔ ➨✺➲✆➯❵ö✆➩✔➧ð➭✣ò✬➳✧➲✆➯♥ëÚ➳✜➭✣➧✫ó✓ê✆➧✆➲✆➼❩➩✔➳✧➻✞➵❛➯✭✬✕➵✏➻
✫✏➩✔➻❅➭✣➻✲✛➜➳✧➲➜➯✭✬✲ïð➨❇➳✲ö➜➧❫➨➜➩✑➩✳➻✬➳✜➭✓✮✔➧❩➨✺➯✬➩→➵❉➯❲➩❉✩➜➵✧➯♥➼✆➯❵➼✆➧✆➲✆➲✆➯❅➨➜➩Ü➼✆➯ ✫❃➯✬➩→➼✫➻✞➲✫îÜ➵❉➻❲➫➜➳✧➧❇î✑í✆➲ð➭✣ê✞✪ðî✳➯♥➼✆➯ðîÜó✞➯✞➲ð➭❃➩✔➯✵î❂⑤ ✤✲➯ ✗✹ô⑨⑦
⑤✁ ❡⑦ ✓
Ý
➯↔➼❩í➜î✬✫❃➧✫➲✆ó✥➭✑➳✧➧✆➲✆➲✆➯✞ëÚ➯✞➲ð➭ ➼✆➯↔ó✞➯✥➭✏➭✣➯❺ö✆➩✣➧ð➭✣ò✬➳✧➲✆➯Ó➯✞➲✵➭❃➩✔➻❂✥✏➲✆➯✬➩✳➻÷➳✩➭➺➨✺➲♣➼✆ò ✫✣➻❅➨✆➭➠➼✆➯ ✫✑➻✬➫✆➩✔➳✧ó✵➻❅➭❃➳❘➧✾➲ß➼✆➯↔ó✞➯✞➲✵➭❃➩✔➯ðî
⑤ ✤✲➯ ✗✹ô⑨⑦❆➻✦✗➜➯✵ó➺ö➜➧❩➨➜➩✛ó✞➧✾➲➜î✔ò✞ïð➨✺➯✞➲❫ó✞➯➝➵✚✔ ➻✞ó✙ó❅➨❇ë❲➨✺➵❛➻❅➭✑➳❘➧✾➲❵➼✆➯✜✫✑➯✬➩✛➼✆➻✓➲❇î✿➵❛➻➝ë❵➳✜➭✣➧➜ó✬ê❫➧✾➲❫➼❩➩✗➳❛➯ ✓❱é✸➯❅➭✏➭✣➯➥➻✞ó✞ó✥➨❇ë➝➨✺➵❛➻❅➭✣➳✧➧✫➲
➼✆➯ ✫❃➯✬➩❼➻⑥ö➜➧❩➨➜➩②➯ ✫ ✫✣➯❅➭Ð➼✆➯ ✫❃➻✲✗➜➧✆➩✗➳❛î✔➯✬➩②➵❛➯Ôî❭➭❃➩✔➯ðî✠î②➧P✛✆í➜➼➜➻✬➲ð➭Ð➻✥➨ î✠➯÷➳✧➲⑤➼✆➯➱➵❛➻❾ó✞➯✞➵❉➵✰➨❇➵❛➯ ✓➠é✸➯➱ö✫ê❫ò✞➲✆➧✫ë ✪✞➲➜➯
➫➜➳✧➧➜ó✞ê✆➳❉ë♥➳❛ïð➨✺➯✭✬➒➻ ✫ ✫✣➯✞ó❅➭✣➻✓➲ð➭✇➵❘➯❫î ➧✾➩✑➸➜➻✓➲✆➳☛î✔ëÚ➯ðî ✗➜➳✜✗✺➻✞➲ð➭ß➯✬➲ ➻✙ò✬➩✔➧❩➫➜➳✧➧✻î✳➯✭✬♥➭❃➩✑➧❩➨✖✗➜➯➁î✳➧✾➲ ➧✆➩✑➳✰➸➜➳✧➲➜➯⑩➼✆➻✞➲❇î⑥➵❛➯❩î
➳❉ë❵ö➜➯✬➩✬✫❃➯✵ó❅➭❃➳✧➧✆➲❇îÐ➼✆➯➱➵❉➻❦ó✞ê✆➻✡✥✏➲➜➯⑥➩✔➯ðî✣ö✫➳✧➩✔➻✥➭✣➧✾➳✰➩✳➯⑥➻❅➨ î✳➯✞➳❍➲⑤➼✆➯❦➵❉➻❦ó✞➯✞➵❉➵✰➨✺➵❛➯ ö➜➧❩➨➜➩Ó➻✬➫✾➧❫➨❱➭❃➳✰➩✂✙➱➵❛➻ ✫❃➧✆➩✔ë❵➻❅➭✣➳✧➧✫➲














ëÚò❅➭✣➻❅➫✾➧✫➵✧➳☛î✔ëÚ➯❩î✂➼ð➨➒➼✆➳✧➧❋✛✆í❫➸✞✪÷➲❫➯➝➯✥➭✛➼ð➨ ✫❃➯✬➩✸î✔➧✆➲ð➭sò❅➭✏➩✣➧✾➳✩➭✣➯÷ëÚ➯✬➲✵➭✛➵✧➳❉ò✵î✔✓✖✒❘✔ ➨✺➲✆➯➥ö➜➻✬➩❭➭✪✬✫➵❘➻ ö✆➩✔ò❩î✳➯÷➲❫ó✞➯➠➼✆➯ ✫✑➯✓➩✱➵✧➳❘➫➜➩✠➯





✫❃➧✆➩✗ë ò✞➯❩î↔î✳➧✾➲✵➭↕î❭➨✲î✔ó✞➯✓ö❩➭✑➳✰➫➜➵❛➯ðî❋➼✆➯♣➼➜ò✬➸✆➩✔➻✞➼✆➯✬➩↕➵❘➯❫î❋ó✞➯✞➲ð➭❃➩✳➯ðî✺⑤ ✤✲➯ ✗✹ô⑨⑦ ✬






✬❇➵❉➯♥î✳➯✞ó✞➧✆➲➜➼↔ò❅➭✣➻✓➲ð➭✛➵✧➳❛ò✷✙❵➵❛➻ ➫➜➳✧➧❇î✑í✆➲✵➭✑ê✘✪❫î✳➯❵➼✆➯ðî→ó✞➯✞➲ð➭❃➩✔➯✵î❂⑤ ✤✲➯ ✗






ö✆➩✔➧ð➭✣ò✬➳✧➲❫➯ðî❉✬❆➯ðî❃➭✍✫❃➧✆➩✗ë ò♥➼✆➯♥➼✆➯✥➨✖✛②ó✞➧➜ë❲ö✫➵❛➯✲✛➜➯❩î→ö✆➩✔➧ð➭✣ò✬➳✧ïð➨✺➯❩îÜïð➨❇➳✛î✔➯✬➩✳➧✾➲✵➭→➼✆ò✞ó✬➩✑➳✩➭✔îì➨✺➵✜➭✣ò✬➩✔➳✧➯❅➨➜➩✳➯÷ëÚ➯✞➲ð➭ì➯ ➭→➼✖✔ ➨➜➲➜➯
ö✆➩✔➧ð➭✣ò✬➳✧➲❫➯❳ö➜➻✓➩❭➭❃➳✧ó❅➨✺➵❉➳ ✪✬➩✔➯✾✬➝ô❩➨ ✫
✙
✬➺➼✆➧✆➲ð➭❏➵✧➯Ó➩❉✩✆➵✧➯②➯❩î❭➭ ➼✆➯❳ö❱➩✔ò ✗✑➻✵î✹î✔➯✞ë❲➫✺➵❉➯✓➩ ➨➜➲❦ó✙➯÷➲✵➭❃➩✔➯✢⑤ ✤✲➯ ✗✠ô✈⑦❵➻✦✗✾➻✞➲ð➭ ➼✆➯❳➵❛➯
➭❃➩✔➻✬➲➜î✬✫❃ò✬➩✔➯✬➩ ✙➝➨➜➲➜➯❲ö✆➩✔➧ð➭✣ò✬➳✧➲✆➯❵ó✞➳✰➫❇➵❛➯❵➻✵ó✞ó✞➯✬ö❩➭❃➩✣➳❉ó✙➯ ✓✕ô➜➳✕➧✆➲➒ó✵➧✾ë❵ëÚ➯✞➲✆ó✞➯◆✙❵ë♥➳❛➯❅➨✏✛Ðóð➯✓➩✑➲✆➯✬➩→➵❛➯✉ëÚò✞ó✞➻✞➲✆➳✏î✹ëÚ➯❲ö➜➻✬➩
➵❛➯✞ïð➨✺➯✞➵❇ó✙➯❫îs➼✾➳ ✫ ✫✣ò✬➩✔➯✞➲ð➭✔î✂î✑í❇î❭➭ ✪✞ë❵➯❩î ✫❃➧✆➲➜ó❅➭❃➳✧➧✆➲✆➲➜➯÷➲✵➭✪✬❫➨➜➲ ó✞➯✬➩❭➭✣➻✬➳✧➲❵➲✆➧➜ë ➫❫➩✔➯➥➼✆➯➥ïð➨✺➯ðî❃➭✑➳✧➧✆➲❇î❆➩✔➯✵î❭➭✣➯✬➲✵➭❆➯✓➲♥î❭➨✲î✑ö➜➯✞➲❇î
✙❵ó✞➯✍✮✳➧❫➨➜➩✔✓
Þ
➵✲➯✞➲ ✗✾➻✉➻✞➳✧➲❇î✠➳✿î❭➨➜➩→➵❛➻ ✫❃➻ ✥✞➧✆➲➒➼✆➧✾➲✵➭✱➵✧➻❲ö✆➩✔➧❩➭✣ò✬➳✧➲✆➯↕ô❩➨ ✫
✙
ö✆➩✳ò✞➻ðî✥î✔➯✞ë❲➫➜➵❛➯♥➵❛➯✉ó✙➯÷➲✵➭❃➩✔➯✤⑤ ✤✲➯ ✗✠ô✈⑦✸➯✹➭✱➵❛➯
➭❃➩✔➻✬➲➜î✬✫ ✪✬➩✔➯ ✓➝➦✮➧❩➨✆➩ß➯ðî✹î✳➻✙í❫➯✬➩ß➼✆➯Ô➵❛➯Ôó✞➧✆ë❲ö✆➩✔➯✞➲✆➼❩➩✳➯✭✬❺➳✧➵↕➲➜➧❩➨✌î✇➻⑩î✔➯✬ë❲➫➜➵❛òÔ➳❉ë❵ö➜➧✆➩☛➭✣➻✓➲ð➭❼➼✆➯❻➼✆ò ➭✣➯✬➩✣ë✉➳✧➲➜➯✬➩✇➵❛➻












➼✏✔ ✒ ✔ ✖ ✘✛✚ ✜♦⑤✁  ⑦ ✓
Þ
➵✌ë♥➯♥î✳➯÷ë❲➫✺➵✏➯
➳❉ë❵ö➜➧✆➩☛➭✣➻✓➲ð➭➏➼✆➯ ë ➯÷➲✵➭✑➳❘➧✾➲✆➲❫➯✬➩➺➳❛ó✞➳❆ïð➨ ❆❉➻✥➨②ó✞➧❩➨➜➩✹î→➼✆➯❵ó✞➯➝➭❃➩✔➻❂✗➜➻✞➳❉➵✮➼✆➯➝➭❃ê✟✪❩î✔➯❵➵❉➻♥î❃➭❃➩❭➨✺ó❅➭✏➨✆➩✳➯✉ó✓➩✑➳✏î❭➭✣➻✞➵✧➵✧➧✾➸✆➩✳➻✬ö✆ê✆➳❛ïð➨✌➯
➼✆➯↔➵❛➻↕ö✆➩✔➧ð➭✣ò✞➳❍➲❫➯➄ô❩➨ ✫
✙
➼✓❆ ✒ ✔ ✖✙✘✛✚✢✜→➻↔ò✥➭✣ò❺ö❩➨✆➫➜➵❛➳❉ò✵➯✷⑤✄✂ ⑦✟●✛ó✞➯✬ö➜➯✓➲✆➼➜➻÷➲✵➭✪✬✿➵✧➯❩î❏➼✾➳ ✫ ✫✣ò✬➩✔➯✞➲➜ó✞➯✵î❵➧❩➫❇î✔➯✓➩▼✗✾ò✞➯❩î❉✬✱➯✞➲✵➭❃➩✔➯
ó✞➯❅➭❛➭✣➯ î✏➭❃➩❭➨✺ó✹➭✏➨➜➩✔➯➥➯✹➭❆➵✧➯❩î✛➩✔òðî❃➨❇➵✩➭✣➻❅➭✔î✛ö✆➩✔ò✬➵✧➳❉ëÚ➳❍➲➜➻✞➳✰➩✠➯ðî✂ïð➨✺➯➥➲✆➧❩➨✌î✂➻✦✗➜➳✧➧✫➲❇î▼✬✫➲✆➧❩➨✌î✂➧✾➲✞➭✛➯✓➲✆ó✞➧❩➨➜➩✔➻✬➸➜ò ✙ ö❫➧❫➨❫➩✹î❭➨✺➳✜✗✆➩✔➯ ✓
é✸➯❅➭❉➭✣➯➠ò❅➭✏➨✺➼✆➯✰✫✑➻✞➳✜➭✛➵✚✔ ➧✾➫✤✮✠➯❅➭s➼✆➯➝➵❛➻ ö✆➩✔➯✞ëÚ➳ ✪✓➩✔➯❲➯❅➭✮ö✆➩✑➳✧➲➜ó÷➳✧ö➜➻✞➵❛➯➝ö➜➻✬➩❭➭❃➳❘➯❲➼✆➯❲ó✞➯❅➭✏➭✣➯ì➭❃ê✘✪ðî✔➯❏➻÷➵❘➧✾➩✹î✂ïð➨✺➯❲➵❛➻➝➼✆➯✥➨❈✛➜➳ ✪✞ë↕➯
ö➜➻✬➩❭➭❃➳❘➯➥➯ðî❭➭✮➼✆ò✞➼❩➳❛ò✞➯ ✙➥➵✚✔ ò✥➭✏➨✺➼✆➯➝î❭➭❃➩❭➨✺ó✹➭✏➨✆➩✔➻✓➵❉➯➥➼✆➯➥➵✧➻➺ö✆➩✔➧ð➭✣ò✓➳❍➲❫➯✉ô
Ù➺Ö
➼✆➯✸◆P❖ ◗❚❙ ✘P❯❱◗❁❲✗❳ ❙❩❳ ✚ ✚✢✜ ❬❱❪P❲✮✓
Ý



































✭✫✖✬☞✓☞÷❈★✧✕★✶✷✘✩✙✡✔✍✞❂✞❂✬❙✍✓✹✽✠✓ ❂✵◗✥★✰✚ ✢✞✡✔✍✏❀✓❂✬❙✁✓✥❙✁✓ ❂✥✄✆✒✥❂✹❄ ✓✔✄ ✓✷✕✪✧❆★✰✷✫✩✞✡✑✍✞❂✙❂✭✬ ✓✹❖ ✓ ✭➜✍✞❂✞✟❉✦✧✒✹✚❱✟❍✦✶✍❉✖✞✷✑✦✰✖✓✍✏✡✲✤✽✜✆❨✏✟✏✷✔P✛❂✬✒✔✼✱★✩✍✏✤✹✼✵❈❛✟õ✖✙✚✰✜✧✖✓✍✫✷✔✚✜✖÷✟❍✦✧✡✔✍
✒✥✟❃✟✏✡✗✯✛✢✞✚❑❂✿☞✙✍✏✤✹✦✧✡✔★✜✼✔✜❛✍✏✤✥✯Ó❖✌✟✏✷✑☎✞✡✔✍❉★✶✷✗☎✓★✰✒✲✷✗✤✥✚✶★ ✓✯✮ ❆❈❇❊❉✱✰ ✭❋❇❊❉✑✲✳✲✖✴✓❂ ❘✁✾✥◆✙❈✎❙✥◆✸❊✞✾✬▲✥▲✓▼✬❯✩✓
✵☞✶
✒✠✪✬✒✠❂✽✗ ✓ ❂★✑❆✒ ✟☛✡✔❀✓✒✆❄✮✒✥❂✭✷ ✓✹✸✳✺✼✻✱✽✑✾✳✸✡✿ ✓✹✸✡❀❂❁❃✽✖❄❆❅❇❁❈✸✱✷✔✓ ✸❊❉●❋✳✩✖❋ ❂✖❄❍❅■❄❊✸ ✗ ✓ ✸✱❄❆✽✑❏▲❑☞❄▼✩✟❄▼◆✳❄✱❖✁◆✟❁❈✸✡✷ ✓✱P✞✾✖◗✳◗✳❘✱❙❯❚❲❱✞❂✑❖✁❳❨❄✡❩❬❖❭❳❪❱✁❋✑❫✫❳❈❋✳❱✄❴❵✻✽✜
❛❜❖❝❫❆◆✑❴✫❱✄❁❪❫✫◆✑❁❃❄❞❫▼✻✱❩❪❁❢❡✱❋✛✜✤❣❤❁❃✽✱✐✑✻✱❩✹✐✑❴❆❏❥❁❈✽❧❦✑❁❈✻✳❖ ❂✖✽✳❳❨◆✑❴❍❖❝❁♠❖❢✻✽✜♥❁❈❱✄✻✱✽●♦✁❖✁❋✳❩✰✜❨❋✟❱☞❫▼❩❃❋●❖✁❳❨❴✫❱♣❖✍✚✡❁❈❅rq✟❩❈❁❈❫❆❄✫❳❨❁❈✻❍✽●❖ ✜✤✻✱❱❯❄ ✜❨❋✳✽✑❫✫❳❨❁❈✻✱✽✳❄✡❩✑❏✳❁❃❅■❴s❱♣✸▼t☞✉❯✰❲✈
❉❋✳✷✶✰✶❋✳✍✧✯✇ P②①✆◗✳✸✿❃✟❘✡③✖❙✖♦✞❃✑❘✱③✛❚✤✓


















































































❞✽❙✏♣❵❬❂❑❘◗✻❴❵❑ ▼❝❑♥P✻❴❵❑ ❨✏⑤❩❞✛r❵P❡❳✛r❲❞✽❙ ❑✽❙ ⑩■❚❲❪➊❞✛❜❵❜❲❞♥P➉❙❝❪t❑❭❱❵❱❲❑♥❱■❙ ❣➮❚❲❱❵❑ ♠✛➃✹◗➉❙❖❳✆❪❫❱❵❑ ❴❵❑ ❨❩❞ ♠✆⑥✉❞ ❜❛❱❲❑
❜❲♣✤❨s➃✉❜❲❑✛❜❘❙❝❪t❴✤❪❩⑩■❚❀❑❘❼
☛
❱ ❴❵❪❛◗➉❙❖❪❾❱➅r❘❚❀❑ ❜❲❨t❚☞◗❡❪❩❑✛❚❲P❽◗✻❙❛➃❘❜❀❑■◗ ❴❵❑ ♠✆❑✆❱■❙✏P❡❑❂②✌☞ ❑✟❛ ❘✎✍❡❥✏☞✒✑❇❛❉❘✆❿✓✑✂▼✔✍❖❥✕☞✄✖❇❛❉❘✆❿✘✗✤▼✙✍❡❥✚☞✛✗❯❛❉❘✆❿✘✗✤▼❀❻❝❥
♠✆♣❵❱♦◗❡❪❩❴❵❳✛P❡❳✔◗ ♠✸♣♦❬❂❬◆❑ ❴❵❑■◗ ♠✆❑✆❱✔❙✏P❡❑■◗ ◗❡❪❫❬✱❜❲❨❩❑❘◗❡❥ ❜❲❞✛P ♣❵❜❵❜❵♣✹◗❡❪➄❙✏❪❫♣❵❱ ❞✽❚❲❷ ♠✆❑✆❱■❙✏P❡❑■◗ ♠✆♣❲❬★❜♦❨❩❑✛❷❲❑✔◗ ⑩■❚☞❪




































✞✂✁ ✫✖☛✍✌☎✄✝✆✟✞✒✌ ✆✟☛✡✠✜✕✍✌✥✙✖✠✔✄✝✠✚✞✔✓✬✙ ✕✍✣ ✁☛✠✟☞ ✄ ✠✚✞✂✌✬✫✯✌✏✢✎✍ ✫✖✙❫✣✥✌✝✙✰✠✔☛✍✌✑✏✡✄
 
✌✬✩✒✄✔✓✖✕
























♠✆♣❵❬❂❬◆❑ ♠✆♣♦♣❘P✇❴❘❪❾❱✉❞✆❱■❙ ❨❩❑ ♠✔❑✆❱■❙✏P✇❑ ❸❾➻✮❑✆❿
➚
❻❽❼➮➛▲❨❫❨✈❑✔◗ ◗❡♣❵❱■❙ ❪❩◗❡♣♦❨❩❳✆❑■◗ ❣ ❜❲❞♥P➉❙❝❪ P ❴❍✲ ♣✤P❝r❲❞♥❱❵❪➣◗❡❬✢❑❘◗
❜❵⑥❵♣❘❙✏♣✹◗➉➃✉❱■❙✏⑥✉❳✽❙❝❪t⑩■❚❀❑✉◗➶❜❲❞✛P❡❬✱❪❲❨❩❑❘◗✂❤❀❳✛r❲❳✽❙❖❞✽❚❵❷✐◗➉❚❲❜❲❳✛P❡❪❩❑✽❚❲P❽◗✇❥♦❨❩❑■◗✵❞✆❨sr❘❚❀❑❘◗❡❥♦❨t❑■◗❦❢❲❞✆♠✽❙❖❳♥P➀❪t❑✉◗➾❼
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✞✂✁ ✫✖☛✍✌✱✼ ✆✟✞✒✌ ✆✟☛✡✠✜✕✍✌✥✙✖✠✔✄✝✠✚✞✔✓✬✙ ✕✍✣ ✁☛✠✟☞ ✄ ✠✚✞✂✌✬✫✯✌✏✢✎✍ ✫✖✙❫✣✥✌✝✙✰✠✔☛✍✌✑✏✜✼
 
✌✬✩ ✼ ✓✖✕





























































❻↔◗❡♣❵❱■❙✖❪❩◗❡♣♦❨❫❳✸❑✉◗ ❴❵❞❭❱✹◗➊❨★✲ ❳✒❙❖❞✽❙ ❸✘✭❘➻➇❑✆❿ ✭
➚








































































❻✵♠✛♣❵❱■❙✏❪❫❑✆❱✔❙✂❙✏P❖♣✤❪✈◗▲❪❫♣♦❱❲◗➜➻➇❑ ➙✒✗ ♣❘❚➏❴❵❑✒❚❵❷◆➻➇❑ ➙✒✗ ❑✒❙✂❚❲❱★➻➶❑ ➍✘✗ ❼
✶
❨✘✲ ❳✽❙❖❞✽❙➶♣❘❷❵➃❵❴❵❳✸❥④❨❩❑❘◗























❻❦♠✆♣✤❱✉❴■❚✹❪❩◗❡❞✆❱■❙➶❣✍❨✘✲ ❪❫❱❲❞■♠✒❙❝❪s❤❲❞✒❙❝❪❫♣❵❱❂❴❵❑✍❨❩❞⑧❜❵P❡♣✉❙❖❳♥❪❾❱✉❑❘❼✝☛◆❳✆❞✆❱❵❬❂♣❲❪❾❱✹◗✇❥♦❨❫❞⑧❜❵P❡❳❘◗✇❑❭❱✉♠✆❑✍❴❲❑✍♠✆❑✆❱■❙✏P❡❑★❸ ☎■➻✮❑✆❿ ✭
➚
❻
❴❵❞✛❱✹◗ ♠✆❑✛P➉❙❖❞♥❪❾❱✉❑❘◗ ❬✢❳✽❙❖❞✆❨❾❨t♣♦❑✆❱❘⑦✆➃❲❬✢❑■◗ ❞✆♠✽❙❖❪s❤❲❑❘◗ ❞ ❜❲❑✛P❡❬❂❪➣◗ ❴❵❑ ❬❂♣♦❱✔❙✏P❡❑✛P ⑩■❚●✲ ❪❫❨❛◗➌❜❲♣❘❚❵❤❲❞✆❪❩❑✆❱■❙➬①❽❙✏P❡❑ ❴❵❑✔◗
♠✆♣❵❬★❜❲♣✹◗❡❞✆❱■❙❡◗➈▼✏♣✤❱✉♠✽❙❖❪❫♣✤❱❵❱✉❑✆❨➣◗➟❴❵❑❘◗✟❜❵P✇♣■❙❖❳✛❪❫❱❵❑❘◗❡❥✫❴❵❞✛❱❲◗✖❨❩❑❘◗✖♠✆♣❵❱❵❴❵❪➄❙❖❪❫♣❵❱♦◗➈❜♦⑥❘➃❀◗❡❪❫♣♦❨❫♣❵r♦❪❩⑩■❚❀❑❘◗✒❼★➆❖❨✫▼✏❞✽❚❵❙➈❞✽❚☞◗❧◗❽❪




































✞✂✁ ✫✖☛✍✌ ✓ ✆ ☞ ✣✥✌✝✙☎✠☞☛✍✌✒✢☎✌✱✬ ✄✏✆✖☛✍✓✬✠ ✠✥✞ ✙✟✌✸✓ ✫✖✬ ✦✘✞ ✠✚✌✒☛✡✠✥✢✰✫✯✣ ✠ ✄✰✕✍✌ ❀
✌
✣✝✌✝✙☎✠☞☛✍✌✒✢☎✌✱✬ ✄✒✆✖☛✍✓✬✠ ✠✝✞✔✙✟✌  ✂✄✥☛✁✍✟✓✰✙✯✌ ☞ ✓✰✙✟✓✮✭ ✗☎✢✖✌✏✢✖✠✬✕✍✁✖✗☎✢✖☛✍✓✮✁☎✛✝✙✟✄ ✕ ✌✮❀
✎❄✌ ✠✑✏ ✕ ✓✰✙✖✠ ✬✔✌✜✕✿✣✝✌✝✙☎✠✔☛✍✌✜✕✿✢✖✌ ✬☞✄ ✆✖☛✍✓✬✠ ✠✝✞✔✙✟✌
 
✌ ☛✪✩✓✒ ✓✮✬ ✗✔✍✟✢✟✛✝✙✟✌ ✢✖✌ ✬✔✄✵✙✟✞✡✠✔☛✍✓✮✁✖✠✝✙☎✄ ✕ ✌
✢✎✍ ✕✗✖✙✘✛✚✜✘✣✢✥✤✛✦✧✚✩★✫✪✭✬✧✮✩✯✥★✧✰✜✤✛✯✞✱✛✮✲✮ ❀
✳
✑✒✌✝✞✔✙✟✌✝☛ ✠✰✵✸✷✮✵ ✓✮✬✂☞ ✞ ✵✸✷✴✒ ✫✟✙✟✣☛✵✸✲
✳



















































































■✬■ ❏ ✑❇▲✘✣ ✌✚❙❇◗☎◆✝❳
✁











































♣✉❷ ✂ ❱✉❳✆♠✆❑❘◗❽◗❡❪➄❙❖❑●❨❩❞✫❜❵P❡❳■◗❧❑✆❱❵♠✆❑➏❴❍✲ ❚❀❱✖♠✸❑❭❱✔❙✏P❡❑❆❸✈➝❘➻➇❑✆❿
➝
➚








































❨❩❞ ✝✍❪t♣✉❙✏❪❫❱❲❑●◗❝➃❵❱■❙❖⑥❵❞❘◗✇❑✆❥❯❨✈❞✫❏❯❪❫❜❲♣❲❞✽❙❖❑❉◗❝➃✉❱■❙✏⑥✉❞■◗❧❑✆❥❯❨❫❞ ✂➂❪t❢✤♣♦❱■❚❀♠✆❨❩❳✆♣❘❙✏❪❫❴❵❑ ✂➂❳✆❴■❚❀♠✽❙❛❚☞◗✇❑➁➺ ✂☞☛ ✂⑧➼✦❬◆❞✆❪❛◗✦❞✽❚➇◗❽◗❡❪⑧❨❩❞






























































































✢✖✓✖✿✏✍ ☛✘✄✜✢✰✞✔✣✝✄✫✬✰✾✖✍ ✩ ✢✖✠✥✓✮✭✜✗☎✄✜✢ ✠✝✙✟✓✖✕★✗☛✬✔✌
✌
✢✮✵✑✍ ✾ ✍ ✩✔✢ ✠✝✓✮✭✰✗✖✄✬✢✖✠✝✙✟✓✖✕✘✗ ✬✚✌
✁✖✬✡✗☛✿✒✍ ☛✍✄✝✢✖✞✔✣✝✄✫✬☛✁✮✬ ✗✟✣✥✞☞✙✰✗ ✬✔✌
✳
✄☛✷❇✞ ✙ ✠✚✌ ☛✍✄✬✣ ✠✔✞☞✓✰✙ ✢☎✌
✌








✑✛✷ ✁✖✠ ✙☛✠✝☛✘✄✝✠✔✞✔✓✰✙❫✢☛✍ ✫✖✙❫☛✘✄✬✢✰✞☞✣✥✄ ✬☛✁✖✬✡✗☎✣✝✞✂✬❆❀
 
✞✂✁✰✫✖☛✍✌✶✾ ✆ ✞✗✖✮✬☞✌✏✢✰✫ ✣✝✌✥✙✖✠✔☛✍✌✑✏ ✓
 
✌✜✩✕✓✰✓ ✕❇✢✖✄✝✙✳✕ ✬✂✍ ✄✬✣ ✠☞✞✕✓✟✄✥✠ ✞✔✓✬✙ ✢✖✌ ✬☞✄ ✞ ✳✶✞✵✄✬✙✖✄✫✠ ☛✍✓✙✍✟✞✔✌✏✢✎✍ ✲✽❀✜✣✝✓✮✬✔✞
✳  









❨★✲ ❪✈❬❂❜❲♣❵P➣❙❖❞✛❱✉♠✆❑❶⑩■❚✒✲ ❪✈❨❛◗❯P❡❑♥❜❵P❡❳■◗❡❑✆❱✔❙❖❑✛❱■❙➹❴❵❞❭❱❲◗✴❨❩❑➋❬❂♣♦❱✉❴♦❑❶❴■❚➁❤❲❪s❤❀❞✆❱■❙➹❑✽❙✵❨❫❑➋P ✱✤❨❫❑★▼✏♣❵❱❵❴❲❞✆❬◆❑✆❱✔❙❖❞❭❨❀⑩■❚ ✲ ❪✈❨❛◗▲❜❲❑✽❚♦❤✤❑✆❱■❙
✮❡♣❘❚❀❑✛P✒❼✬➐ ✲ ❑■◗✏❙◆❜❲♣❘❚❲P❡⑩■❚✤♣✤❪❶❴❵❑✛❜❘❚❀❪❛◗➏⑩■❚❀❑✆❨❩⑩■❚❀❑✉◗❹❞❭❱❵❱✉❳✆❑❘◗➏❴❵❑✖❱❵♣♦❬★❢❵P✇❑✽❚☞◗❡❑❘◗➏❳✆⑩■❚❀❪❫❜❲❑❘◗➏❴❵❑✟P❡❑✆♠✆⑥❵❑♥P❡♠✆⑥❵❑✆❥❶❑✽❙✐❑✛❱




















♣❵P❝r❲❞✛❱❵❪✈◗❡❬✢❑❘◗●❤❲❪s❤❀❞❭❱✔❙❡◗❡❥★❜❵P❖♣♦♠✆❞♥P➉➃✉♣✉❙❖❑■◗❉❑✽❙q❑✽❚❀♠✆❞♥P➉➃✉♣✉❙❖❑■◗➟❸ ☎❵❻❝❥★❪❫❨➁◗✇❑❭❬★❢❀❨❩❞❭❪→❙●❨❩❳✛r❲❪➄❙❖❪❾❬✢❑✳❴❲❑ ◗✜✲ ❪❾❱✔❙❖❳✛P❡❑■◗✒◗✇❑✛P❆❞✽❚
❬✢❳✆♠✆❞✆❱❵❪❛◗❽❬✢❑●❴❵❑●❨❩❑✽❚❲P➋❢❲❪t♣④◗❝➃✉❱■❙❖⑥❲⑨■◗❡❑●❞✒❚➪◗❧❑❭❪❫❱➟❴❵❑❉❨❩❞●♠✔❑✆❨❫❨s❚✹❨❩❑❘❼✵➐✴❑✽❙❛❙❖❑●❳✛❱❵❪ r♦❬✢❑●❞●❳✒❙❖❳➁❨❩❑❉▼❛P✏❚✹❪➄❙✦❴❇✲ ❪❫❱■❙❖❑✆❱✹◗❡❑❘◗


















































































✮❡♣❘❚❀❑✛P❡❞✆❪❩❑✆❱■❙➇❜❵❨➄❚❵❙ ✱■❙☞❚❲❱★P ✱✤❨❫❑✍❴❵❞♥❱✹◗✵❴❵❑■◗✵♠✆♣❵❱❵❴❵❪➄❙❖❪❫♣❵❱✹◗✵❴❵❑➋◗➉❙✏P❖❑■◗❽◗➽❸✈➍ ✭❝❥s➍✘❅❡❥→➙✘❇❡❥s➙✒❺❛❻❽❼
❿✞✂➂❳✆♠✆❑✆❬❂❬✢❑✆❱■❙❖❥✂❚❲❱➁❙✏P❡♣❵❪✈◗❡❪❩⑨❭❬✢❑●◗❝➃✹◗✏❙❖⑨❭❬✶❑❹❱✉♣♦❬❂❬◆❳✫➐
➚

























✞✂✁ ✫✖☛✍✌✗✸ ✆ ✂ ☛✡✁✰✄✝✙✟✞✚✕✘✄✥✠ ✞✔✓✬✙ ✢✖✌✜✕✤✓✬✆✎✠✥☛✍✓✰✙ ✕✤✎ ✓✯  ✷✖ ✽✓ ✣ ✌ ✠ ✓☎✄
 
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■✬■✜■✰❏ ✑❍❏✍❑✟▲✄✂ ❴❬❙ ☎ ☎●❪✜❘ ✂✆☎ ☎●❪✜❳✘❱ ☎✘❱✞✝❇❳★❩✒P❬❘






















































☎❘➼✂❏❫✲ ❑✛❷❵❜❵P❡❑❘◗❧◗❡❪❫♣♦❱❂❴❵❑❘◗❦r❲⑨✆❱❵❑✔◗➹➤➾➩✪★✢❑■◗➉❙➇❪❫❱❵❴■❚❀❪➄❙❖❑⑧❜❲❞✛P✵❨★✲ ❞✆❴❵❴❵❪➄❙❖❪❫♣♦❱❂❴❵❑⑧❜❲❑✛P✇♣✉❷❵➃✤❴❵❑✍❴✤✲ ⑥❘➃❲❴❘P❡♣❵r❲⑨✛❱❵❑✍♣❘❚✐❴❵❑■◗
r❲❳✛❱✉❳✛P❡❞✽❙❖❑✽❚❲P❧◗✵❴❵❑➋◗➉❚❲❜❲❑✛P✇♣✉❷❵➃✉❴❵❑➪❞✆❪❾❱✹◗❡❪❲⑩■❚❀❑⑧❜❲❞♥P➜❨❫❞✍♠✸❞✛P❡❑✆❱❵♠✔❑✍❑✛❱❂▼✏❑✛P✴❸ ☎  ❵❥→➙ ✭❝❻❽❼



































































◗❝❜❲❑✸♠✽❙✏P❝♣❵❬❂❳✽❙✏P❡❪❫❑➪❴❵❑➌❬✢❞■◗✒◗✇❑ ❸★✭❵➝❲❥ ✭❇✭❲❻❧❼✡❏❫✲ ❚❵❙❝❪❫❨❩❪➣◗✇❞✽❙❖❪❫♣✤❱✻❴❲❑
➚
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+
  PLP
NB : P sur le cycle du PLP reprˇ sente le phosphate
   
3
4   4
   Cys 364
   Cys 364











✣ ✠✚✞✕✓✟✞ ✠ ✠ ✣✪✗✳✕❅✠ ✠✝✞✔✙✯✌✏✢✖✠✬✕✘✫✎✬ ✦✚✫✖☛✍✄✰✕✍✌✏✌ ✠✟✠☞☛✘✄✝✙✳✕✘✆✟✌✝☛✪✕✘✫✖✬ ✦✚✫✟☛★✄✥✠✚✞✔✓✜✙ ❀
✳  
✓✰✙☎✠ ✌✥✣✝✄✔✓✟✌ ✒ ✷❁✂✶✬✩✬ ✄ ✁✰✙☎✞✔✌✝☛❇✢✖✌  ✤✁✯✓✬✫✟✢✖✌ ✙✳✕ ✓ ✷
✪
✗ ✑✱✷ ✑ ✄✬☛✍☛✘✄ ✕
  ✳
✼✾✼✽✼✖✾✛✷✄✂✤✑✒✞☞✓✮✬❵✎✚✙✟✓✜☛✡✁  ❍✁✟✌✟☞ ✆✩✄✝✩ ✶✛✷


























P❡❳✆♠✸❑✛❱■❙❖❑■◗✶❳✽❙❛❚❀❴❵❑■◗✶♠❭❪❫❱❲❳✽❙❖❪❫⑩■❚❀❑❘◗❂❬❂♣♦❱✔❙✏P❡❞✛❱✔❙✦⑩■❚●✲ ❑✆❱➊❑✆▼✏▼❝❑✽❙✦❨★✲ ❳✽❙❖❞♥❜❲❑❉❨❫❪❫❬◆❪→❙❖❞❭❱✔❙❖❑●❴❵❑●❨❩❞❉P✇❳✆❞✆♠✽❙❖❪❫♣❵❱✖❑❘◗➉❙✦❨★✲ ❞✒❙❛❙❖❞✆⑩■❚❀❑
❱■❚❀♠✆❨❩❳✆♣❵❜❵⑥❵❪✈❨❩❑ ❴❵❑ ❨✘✲ ❞✆❴❵❴■❚❀❪➄❙❆➎✮❏❦➎➶❿❝♠✛➃❲◗➉❙❖❳✆❪❫❱❲❑➌❜❲❞✛P✖❨❩❞ ♠✛➃✹◗✏❙❖❳✛❪❫❱❲❑ ☎❵➓❯✭ ❸
➵












❚✹▼✈➛ ◗❡❞✆❱♦◗ ❪❾❱❘❤✤♣♦⑩■❚❀❑♥P✟❚✹❱ ♠✆⑥✉❞❭❱➅r✹❑✆❬✢❑✆❱■❙➟♠✆♣❵❱❵▼✏♣✤P❡❬❂❞✒❙❝❪❫♣❵❱❵❱❵❑✆❨q❴❵❑❘◗➊❴❵❑✽❚❲❷ ❜❵P❡♣❘❙❖❳✛❪❫❱❵❑❘◗❡❥
❜❲❑✛P❡❬❂❑✽❙❛❙❖❞♥❱■❙✴❨❫❑❂P❡❞✛❜❵❜❵P❡♣❲♠✛⑥✉❑❭❬✢❑✆❱■❙③❑✛❱■❙✏P❡❑◆❨t❞◆♠✛➃✹◗✏❙❖❳❭❪❫❱❲❑ ☎❵➓✧✭❆❑✒❙✴❨★✲ ❞✸❴❵❴■❚✹❪➄❙▲➎✂❏❦➎➶❿❝♠✛➃✹◗✏❙❖❳❭❪❫❱✉❑◆❴❍✲ ❚❀❱❵❑❂❜✹❞♥P➉❙✬❑❽❙❯❚❲❱❵❑
















































































































































✞✩✁ ✫✖☛✍✌ ✶ ✆
✌







❞✽❙➣♣✤❬❂❑❘◗ ❴❵❑ ▼❖❑✛P ❑✽❙➊❴❵❑✽❚❵❷ ❞✽❙❖♣❵❬❂❑■◗ ❴❲❑ ◗✇♣✉❚❀▼❛P❡❑❘❼✐➐③❑♥❜✹❑✛❱✉❴❵❞✆❱■❙➊❨★✲ ❞❭❱❲❞✆❨s➃✹◗❧❑✻❴❵❑✙♠✆❑✔◗↔❜❵P✇❳✛❜❲❞✛P❡❞✽❙❖❪❫♣❵❱♦◗➊❜❀❞✛P












































































➢❘➫ ✩❘➲✐❑✽❙✬❴❵❑ ✟ ✡
➳
➲✡✄✝✆❲➢ ✄ ✡✹➤✽➥❾➧❫➤✫❸✓ ➅➔❵❥❫➘ ➵ ❻❽❼♦➴❂❑
Erc.SufA          -MQTHDVETFSLDEQAWQG------LTLTDSAVAHISNLMGRDESVQGIRLAVKQSGCAG  53
Ec.SufA           -MDMHS-GTFNPQDFAWQG------LTLTPAAAIHIRELVAKQPGMVGVRLGVKQTGCAG  52
St.SufA           -MELHS-DTFNPEDFPWQG------LTLTPAAAAHIRELAEKQPGMLGVRLSVKQTGCAG  52
Ec.IscA           -MS----------------------ITLSDSAAARVNTFLANRGKGFGLRLGVRTSGCSG  37
Av.IscA           -MA----------------------VTMTEAAARHIRRSLDGRGKGEGIRLGVRTSGCSG  37
Pa.IscA           -MA----------------------ISMTEAAAKHVQRSLEGRGKGEGIRLGVRTTGCSG  37
Erc.SufA          FGYVLELVHQPDPSDRLYQREGARLFIPLKAMPISDGTEVDFVQEGINQVFKFNNPKARH  113
Ec.SufA           FGYVLDSVSEPDKDDLLFEHDGAKLFVPLQAMPFIDGTEVDFVREGLNQIFKFHNPKAQN  112
St.SufA           FGYVLDTVREPDKDDLVFEAEGAKLFAPLQAMPFIDGTEVDYVQEGLNQLFKFHNPKAQN  112
Ec.IscA           MAYVLEFVDEPTPEDIVFEDKGVKVVVDGKSLQFLDGTQLDFVKEGLNEGFKFTNPNVKD  97
Av.IscA           LAYVLEFVDEVASEDQVFESHGVKVIVDPKSLVYLDGTELDFVREGLNEGFKFNNPNVRG  97
Pa.IscA           LAYVLEFVDELAAEDLVFESHGVKVIIDPKSLVYLDGTELDFTREGLNEGFKFNNPNVRG  97
Erc.SufA          ACGCGGSFGL----------- 123
Ec.SufA           ECGCGESFGV----------- 122
St.SufA           ECGCGESFGV----------- 122
Ec.IscA           ECGCGESFHV----------- 107
Av.IscA           ECGCGESFNI----------- 107
Pa.IscA           ECGCGESFNV----------- 107
 ✂✁☎✄✝✆✟✞✡✠☞☛✍✌✏✎ ✑✒✞✔✓✖✕✘✗✖✙☎✠✚✁✟✛✜✕✍✌✏✢✖✌✜✕✤✣✝✌✥✙✖✠✔☛✍✌✜✕✧✦★✌✝☛✪✩✘✕✍✓✬✫☎✦★☛✍✌
❿✂➝❵➝❂❿
































➲ ✄✝✆❲➢ ✄ ✡✹➤♥➥❫➧❾➤
♣❵❱■❙✦❬❂♣✤❱✔❙✏P❡❳❆⑩■❚❀❑✟◗❡❑✽❚❀❨❩❑✉◗✢❨❩❑❘◗✢❴❵❑✽❚♦❷ ♠✛➃✹◗✏❙❖❳❭❪❫❱✉❑✉◗✢❴❵❑✟❨❩❞❆❜❲❞✛P➉❙✏❪❫❑❆➐✴❿➣❙❖❑✛P❡❬❂❪❫❱❲❞❭❨❩❑❆❳✽❙❖❞✆❪❩❑✆❱■❙✶❑■◗❽◗✇❑❭❱✔❙❝❪t❑❭❨❩❨❩❑✉◗✢❣❆❨❛❞






































































































❣ ◗✇❞✸❤✤♣♦❪sP✻❨★✲ ❞❘◗❽◗❧❑✆❬★❢✹❨❩❞✛r❲❑ ❴■❚ ♠✆❑✆❱■❙✏P❡❑ ❞✒❚ ◗❡❑✆❪❫❱ ❴❵❑ ◗✇❞ ♠✆⑥✉❞ ❜❛❱❲❑
❜❲♣❵❨t➃✉❜❲❑✛❜❘❙❖❪❫❴✤❪❩⑩■❚❀❑✍❑✽❙➇❨❫❑③❙✏P✇❞✛❱♦◗❡▼❖❑✛P➉❙➶❴■❚✢♠✆❑♥❱■❙✏P❡❑✍❣✬❴❵❑■◗❦❜❵P❖♣■❙❖❳✛❪❫❱❵❑❘◗✵♠✆❪s❢❲❨✈❑❘◗➾❼
















































✞✂✁✰✫✖☛✍✌ ✄ ✼ ✆✙✒ ✠✝✣✥✄✜✙☎✞ ✕ ☞ ✌✏✢✰✞ ✠✁ 
 
✌❬✆✖☛✍✌✟☞ ✞✔✌✝☛ ✷ ✓❫✕ ✌✝✣✝✓✰✙✟✢✂ 
✳  
✓✰✙☎✠ ✌✥✣✝✄✔✓✟✌ ✒ ✷❁✂✶✬✩✬ ✄ ✁✰✙☎✞✔✌✝☛❇✢✖✌  ✤✁✯✓✬✫✟✢✖✌ ✙✳✕ ✓ ✷
✪
✗ ✑✱✷ ✑ ✄✬☛✍☛✘✄ ✕
  ✳





























✓✰✙☎✠✚✌✝✣✝✄ ✓✟✌ ✒ ✷❁✂✶✬✂✬ ✄✫✁✰✙✖✞✔✌✝☛❇✢✖✌  ✤✁✟✓✬✫✯✢✖✌ ✙✳✕ ✓✖✷
✪
✗ ✑ ✷ ✑✒✄✜☛✍☛✘✄ ✕
  ✳






















































































































➐✴❑✽❙❩❙❖❑ ❜❵P❖♣✉❢❲❨t❳❭❬✢❞✽❙❖❪❫⑩■❚❀❑✻❴❵❑ ❨★✲ ♣✤P❡❴❘P✇❑ ❴❇✲ ❪❾❱✹◗✇❑✛P➉❙❖❪❫♣❵❱ ❴❵❑✔◗➪❞✽❙➣♣✤❬❂❑❘◗ ❴❵❑ ▼✏❑✛P ❑✽❙ ◗❡♣❘❚❲▼❛P❡❑ ❴❵❞♥❱♦◗✳❨❩❑❘◗
❜❵P❡♣■❙❖❳✛❪❫❱✉❑■◗✴❴☞⑤✈❳✸♠❭⑥❲❞✆▼✏▼❝❞✒❚❀❴❵❞✛r❲❑❂❞★❴❵❳ ✮❽❣❂❳✽❙❖❳✦❞✽❢❲♣❵P❡❴❵❳★❞✽❤✤❑✔♠✶❨ ❞➋❜❵P❡♣■❙❖❳✛❪❫❱✉❑➋➆❽◗❧♠ ❊✶❥✮❬❂❞✆❪❛◗✬❪✈❨✂❱❍✲ ➃➏❞➋❜❀❞■◗➽♠✆♣✤❱✹◗✇❑✆❱✹◗➉❚☞◗
◗➉❚❲P✫❨t❑↔◗➉❚✯✮❽❑✒❙➏❸✓ ➅➓❵❥ ➷❡➘ ❻❧❼
✶
❨❫♣❵P❽◗✐⑩■❚❀❑✟♠✔❑✛P➉❙❖❞♥❪❾❱✹◗✢❜❵P❡♣❵❜❵♣✹◗❡❑✛❱✔❙✢⑩■❚❀❑↕➆❧◗❡♠ ❊ ▼❝❪s❷❀❑✟❴❍✲ ❞✛❢❲♣❵P❡❴↔❨❩❑✟▼❖❑✛P✫➺❝❞✛❤✤❑✆♠❉❚❀❱❵❑
❞✆▼➉▼✏❪❫❱♦❪→❙❖❳ ❳♥r❲❞❭❨❩❑➪❣➪➓  ✄✂✤➞➟➼❡❥◆❴❇✲ ❞✽❚❵❙✏P❡❑✔◗❆❜❵P❡♣✤❜✉♣④◗✇❑✛❱■❙q❜❵❨➄❚❵❙ ✱■❙❆⑩■❚❀❑↔❨t❑ ◗❡♣❘❚❲▼❛P❡❑✳❤❲❪✈❑✆❱❵❱✉❑ ❑✆❱ ❜❵P❡❑✆❬❂❪❩❑✛P➊❸❛➓  ➅❻❽❼
☛✢❳✆❞✛❱❵❬❂♣♦❪❫❱✹◗✇❥❹❪❩❨➁❱❍✲ ❞ ❜❲❞❘◗✖❳✒❙❖❳ ❜❲♣✹◗❽◗❡❪s❢❲❨❩❑ ❴❵❑➌♠✆♣♦❬✦❜♦❨❩❳✽❙❖❑✛P✖❨★✲ ❞❘◗❽◗✇❑❭❬★❢❀❨❩❞✛r❲❑ ❴■❚➸♠✆❑✆❱■❙✏P✇❑➌❴❵❞✛❱✹◗➈➆❽◗❧♠ ❊ ❜❲❞✛P
❪❫❱❲♠✽❚❲❢❲❞✽❙❖❪❫♣❵❱❂❴❵❑✍♠✆❑✽❙❩❙❖❑⑧▼✏♣✤P❝❬✶❑➋◗➉❚❀❨✈▼❛❚❲P❡❳✆❑✍❞✛❤❲❑✆♠✍❴■❚✐▼✏❑✛P✴❸✓ ➅➓❵❻❡❼



























❞✛❤❲❑✔♠◆❨★✲ ⑥✉♣♦❨❫♣ ✝✍❪❫♣ ✝➸❸✓ ✔➝❲❻❝❥➜◗✏❚❲r❵r❲⑨✛P❡❞✛❱✔❙✬⑩■❚❀❑◆❨❫❑◆♠✸❑❭❱✔❙✏P❡❑➁❸❫➻➇❑✆❿
➚
❻⑧♠♥♣❵❱■❙❖❑✛❱✔❚➈❴❵❞✆❱♦◗







➔✹❼→➔ ☎★❬✱❪❫❱ ✡❩❺✈➼✵❞✽❢✤♣✉❚❵❙✏❪✈◗✒◗✇❞✆❱■❙➶❣⑧❨❫❞✍▼✏♣✤P❡❬❂❑✍❞✆♠✒❙✏❪t❤❀❑✍❨❫❪s❢❵P❧❑✍❴❵❑⑧⑥❲♣✤❨t♣ ✝➂❪❫♣ ✝✦❼
❏▲♣❵P❽◗❡⑩■❚❀❑✍❨❫❑❘◗✵❬✢①❭❬✢❑❘◗▲❑✛❷❵❜❲❳✛P❡❪❫❑✆❱❲♠✆❑■◗▲♣❵❱■❙➶❳✽❙❖❳✍❑✆▼✏▼❝❑✆♠✒❙❛❚❀❳✆❑■◗▲❞✽❤❲❑✔♠③❚❀❱❂❬✶❚❵❙❖❞♥❱■❙➶❴❵❑✡❨❩❞✍❜❵P❡♣❘❙❖❳✛❪❫❱❵❑ ✝✍❪❫♣ ✝➂❥
❴❵❞✛❱✹◗✵❨❫❞✆⑩■❚❀❑✆❨❩❨✈❑③❚❀❱❵❑✍❴❵❑✔◗✵♠✛➃✹◗➉❙❖❳✆❪❫❱❵❑❘◗✵❨❫❪❫r❲❞❭❱✉❴❂❴■❚✫♠✸❑❭❱✔❙✏P❡❑✍❞⑧❳✒❙❖❳✍♠✛⑥❵❞✛❱➅r❲❳✔❑✍❑✛❱❂❞✆❨❩❞❭❱❵❪❫❱❲❑✆❥❲❪❾❨❲❞✍❳✒❙❖❳✍♣✉❢❀◗❡❑✛P➉❤✤❳✍⑩■❚❀❑❵②




















✞✂✁ ✫✖☛✍✌☎✄ ✼ ✆
✪
☛✍✓✰✣✝✌✜✕ ✕✘✫✳✕❍✢☎✌✒✠✔☛✍✄✝✙✳✕✘✦★✌✥☛✘✠ ✢☎✌ ✬ ✍ ✁✯✓✮✬✔✓ ✓✰✫✖✦
✌
✯✱✬ ✍ ✄✥✆✯✓ ✑✒✞✔✓✬✑
✳  
✓✰✙☎✠✚✌✝✣✝✄ ✓✟✌ ✒ ✷❁✂✶✬✂✬ ✄✫✁✰✙✖✞✔✌✝☛❇✢✖✌  ✤✁✟✓✬✫✯✢✖✌ ✙✳✕ ✓✖✷
✪
✗ ✑ ✷ ✑✒✄✜☛✍☛✘✄ ✕
  ✳




















































❞✆❬❂♣❵P❡♠✆❳ ❴❵❑✛❜❘❚❀❪✈◗ ⑩■❚❀❑❭❨❩⑩■❚❀❑❘◗ ❞♥❱❵❱❲❳✆❑■◗ ❴❵♣❵❱■❙ ❨✏⑤❩♣✉❢✖✮❧❑✆♠✛❙✏❪❫▼ ❑❘◗➉❙ ❨❫❞ ❴❵❳✽❙❖❑✛P❡❬❂❪❾❱❲❞✒❙✏❪❫♣✤❱ ❴❵❑❘◗ ◗➉❙✏P✏❚❀♠➾❙❛❚❲P❡❑✔◗
❙✏P❝❪❫❴❵❪❫❬✢❑❭❱✹◗❡❪t♣♦❱❵❱❵❑✆❨✈❨❩❑■◗➽❴❵❑★❨➉⑤❩❑✆❱✹◗❡❑✆❬★❢✹❨❩❑★❴❵❑✔◗❯❜❵P❡♣■❙❖❳✛❪❫❱✉❑✉◗✴❪t❴❵❑❭❱✔❙❝❪❫▼✏❪❩❳■❑✔◗✒❼❲➐✴❑■◗✴❑✆❱■❙❖❪➄❙❖❳■◗✇❥☞♠✛♣❵❱♦◗✏❙❝❪➄❙❛❚❀❞♥❱■❙▲❑✛❱✔❙✏P❡❑➋➝❲➔◆❑❽❙
☎❵➔ ✟ ❴❵❑➋❨❩❞➋❬✢❞■◗✒◗✇❑➋♠✔❑✆❨❫❨t❚❀❨❩❞✆❪❾P✇❑✆❥♦❜❲♣✹◗❽◗❡⑨✸❴❵❑❭❱✔❙✵❴❵❑■◗▲▼✏♣♦❱❵♠✒❙❝❪❫♣❵❱♦◗✵❙✏P❡⑨■◗▲❴❵❪t❤✤❑✛P❽◗✇❑✉◗▲❑✽❙➹❑■◗✒◗❡❑✆❱✔❙❝❪❫❑✆❨❫❨❩❑❘◗✴❣➋❨❩❞✡❤❲❪❩❑❶❴♦❑➋❨❩❞
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 ✂✁☎✄✝✆✟✞✡✠☞☛✍✌✏✎✘✎ ✲❍✠✔✫✯✢☎✌✂✆✯✄✝☛ ✞✆✒✥✳ ✢✁ ✡✫✖✙✟✌❬✆✖☛✍✓✬✠ ✠✝✞ ✙✟✌✏✢✖✌ ✁✰☛✍✄✝✙☎✢✖✌❬✠☞✄✬✞ ✬✂✬✔✌
❿✂➝❲➒★❿









❨❩❞ ◗❡♣❵❱❵❴❲❑ ❚❵❙✏❪❫❨✈❪❛◗❧❳✆❑✆❥✫❜❲♣✉❚❲P✟❚❲❱ ♠✛⑥❵❞✆❬❂❜ ❬✢❞✛r❲❱❵❳✽❙❖❪❫⑩■❚❀❑✻❴❵♣✤❱➅❱❵❳✆❥➏❨✈❑➌❜❵P❡❪❫❱❵♠✆❪❫❜❲❞✆❨●❬❂♣✤➃✤❑✆❱ ❴✮⑤❩❞✆♠✆♠♥P❡♣❯❜❾❙✏P❡❑➌❨❩❞
◗❡❑✆❱❲◗❡❪t❢❀❪✈❨❩❪➄❙❖❳➊❴❵❑✉◗q❑✛❷❵❜❲❳♥P➀❪❩❑✆❱❵♠✸❑✉◗q❑❘◗➉❙❹❴❵♣✤❱✉♠↔❴✹⑤❩❞✽❚❲r❲❬✢❑❭❱✔❙❖❑✛P●❨❫❞➊♠✆♣❵❱❲♠✆❑✆❱■❙✏P❡❞❽❙✏❪❫♣❵❱ ❴❵❑↔❨❩❞✖❜❵P❡♣❘❙❖❳✛❪❫❱❵❑✳❳✽❙❛❚❀❴❘❪❩❳✆❑➅❼
❋⑧❚❀❑❭❨t⑩■❚❀❑✉◗▲❴❵❪❫⑦✔❞✆❪❾❱❲❑✔◗❯❴❵❑❶❬◆❪✈❨❩❨✈❪❫r❵P❡❞✆❬❂❬✢❑✉◗▲❴❵❑✍❜❵P❡♣■❙❖❳✛❪❫❱❵❑❘◗▲➺❝❞✽❤✤❑✔♠➂❚❲❱❲❑✍❜❘❚❲P❡❑✽❙❖❳★◗➉❚❲❜❲❳✛P❖❪❫❑✽❚❲P❡❑❶❣➋➒  ✠✟q➼③◗✏❚✹▼✏▼❝❪❛◗❡❑✆❱■❙
❣✱❨t❞✶❜❵P✇❳✛❜❲❞✛P❡❞✽❙✏❪t♣✤❱➏❴✹⑤s❚✹❱➏❳✸♠❭⑥❲❞✆❱✔❙✏❪❾❨❩❨❫♣♦❱➏❴❵❑  ➅➔❵➔➁❬➋❏ ❣➋❚✹❱❲❑❂♠✆♣❵❱❵♠✸❑✛❱■❙✏P❡❞✒❙✏❪❫♣✤❱➏❴❵❑❂❨✏⑤✈♣❵P❡❴❘P❡❑❂❴❵❑●➑❶❣★➝➁❬➋➞ ❼✤❏▲❞
❜❘❚❲P❡❑✽❙❖❳ ❞ ❚❲❱ ❪❩❬✱❜❲❞✸♠✽❙➟❴❵❳✆♠✆❪➣◗❡❪❩▼✳◗➉❚❲P➊❨❩❞ ⑩■❚❀❞❭❨❩❪➄❙❖❳ ❴❲❑■◗➪◗❝❜❲❑✆♠✽❙✏P✇❑■◗❡❥➁❬✶❞❭❪❛◗ ❞✽❚☞◗✒◗❡❪❆◗➉❚❲P➊❨❩❞ ❨❫♣♦❱➅r❲❳✸❤❲❪→❙❖❳ ❴♦❑
❨✏⑤❛❳✆♠✆⑥❵❞✆❱✔❙❝❪❫❨✈❨t♣♦❱ ⑩■❚✹❪➪❜❲❑✽❚❵❙✰◗❡❑ ❙✏P❡♣✉❚❵❤✤❑✛P✰❴❵❳✛r❵P❡❞✆❴❵❳ ❜❲❞✛P ❴❵❑■◗✰❜❵P❡♣■❙❖❳✆❞■◗✇❑■◗✻❜❵P❡❳■◗❧❑✆❱■❙❖❑✔◗✒❼↕➛▲❱ P❡❑✛❤❲❞✆❱❵♠✆⑥❲❑✆❥




➐✍⑤❩❑✉◗✏❙✳❨❩❞✙❜❵P❡❪❫❱❵♠✆❪❫❜❲❞❭❨❩❑ ❨✈❪✈❬✢❪➄❙❖❑ ❴❵❑➮❨❩❞ ✂⑧➞ ☛ ♠✆♣♦❬★❜❲❞♥P❽❳✸❑➮❣ ❨❩❞ P✇❞✆❴✤❪t♣♦♠✛P❡❪✈◗✏❙❖❞✆❨❾❨t♣✤r❵P❡❞♥❜♦⑥❵❪❩❑ ➺❝⑩■❚☞❪




♣❘❢✹◗❡❑♥P➉❤❲❑✢❴❵❑✉◗❶◗➉❚❲❜❲❑♥P❝❜❲♣④◗❡❪→❙❝❪❫♣❵❱♦◗➂❞✆♠✆♠✆❪❩❴❵❑✆❱■❙❖❑✆❨❫❨❩❑✉◗➂❴❵❑■◗✬❱❵♣♦❬★❢✉P❡❑✽❚❲❷✟◗❡❪❫r❲❱❵❞✽❚❲❷❆♣❘❚❆❜❵❪❫♠❘◗ ✂✴➞ ☛ ➺➣➻➇❪❫r❘❚❲P❡❑✱➝❵➼➂⑩■❚✹❪
❜❲❑✽❚❵❤✤❑❭❱✔❙➶①✽❙❛P❡❑✍❣⑧❨ ⑤✈♣❵P❡❪sr♦❪❫❱❲❑✍❴❵❑⑧❱✉♣♦❬★❢❵P❡❑✽❚☞◗❧❑✔◗✵❞✆❬✶❢❲❪❫r❘❚✄ s❙❖❳❘◗✵❴❵❞✛❱✹◗✵❨✏⑤✈❞✒❙❛❙❛P❝❪s❢❘❚❵❙❖❪❫♣❵❱❂❴❵❑■◗❯◗❝➃❀◗➉❙❖⑨✆❬✢❑■◗✵❴❵❑➋◗❖❜♦❪❫❱✹❼
 ✂✁☎✄✝✆✟✞✡✠☞☛✍✌✏✎✘✎ ✲❍✠✔✫✯✢☎✌✂✆✯✄✝☛ ✞✆✒✥✳ ✢✁ ✡✫✖✙✟✌❬✆✖☛✍✓✬✠ ✠✝✞ ✙✟✌✏✢✖✌ ✁✰☛✍✄✝✙☎✢✖✌❬✠☞✄✬✞ ✬✂✬✔✌
❿✒☎❵➔★❿
 
✞✂✁✰✫✖☛✍✌✽✼ ✆ ✞✆✒✥✳ ✌✝✙ ✦★✓✰✙✟✣ ✠✚✞✔✓✰✙ ✢☎✌ ✬✔✄✒✠✔✄✜✞✜✬✩✬✔✌✒✢☎✌✜✕✧✆✖☛✍✓✬✠ ✠✝✞✔✙✯✌✬✕
























τ ✫✬☎✮✭✰✯ η✱✳✲✴✡✶✵✸✷☛✹✻✺ ✁✖✛✣✢✌✛ ✄
♣✄✂✽✼❆❑■◗✏❙✵❨❫❞➋❤❲❪❛◗❡♠✆♣✹◗❡❪➄❙❖❳★❴■❚q❬◆❪❩❨❾❪❩❑✛❚❀❥ ✟↔❨❫❞✡❙❖❑✆❬★❜❲❳♥P❡❞✽❙❛❚❲P❡❑★❑✒❙ ✜✣✾★❨❫❞❂♠✆♣❵❱♦◗➉❙❖❞♥❱■❙❖❑★❴❵❑✄✝➂♣♦❨→❙✏⑦■❬✶❞❭❱✐➺✛➑✔❼✔☎  ➅➔❵➓✹❼❛➑♥➔ ✡ ➍❝➙
✿ ✯ ✦❶➼✒❼
✶
❪❫❱✹◗❡❪③❨❩❞✫❨❩❞✛P❝r❲❑✽❚❲P❶❴❵❑❘◗❂◗❡❪❫r♦❱✉❞✽❚♦❷ ✂✴➞ ☛ ❞✒❚❲r♦❬✢❑✆❱■❙❖❑✫❞✛❤❲❑✸♠➁❨❩❞✱❙❖❞❭❪❫❨❩❨✈❑✫❴❲❑✫❨✈❞✫❜❵P❡♣■❙❖❳✛❪❫❱✉❑➁❑✽❙➂❴❵♣❵❱❵♠✫⑩■❚❀❑
❜❲❨➄❚☞◗➊❨✈❞ ❙❖❞✆❪❫❨❫❨❩❑ ❴❵❑ ❨❩❞➌❜❵P❡♣■❙❖❳✛❪❫❱✉❑ ❳✽❙❛❚❀❴✤❪t❳✆❑ ❑❘◗➉❙➈r❵P❡❞✛❱✉❴❵❑✆❥❹❜❵❨→❚☞◗↔❨❩❞ ◗✇❑❭❱✹◗❡❪s❢❀❪❫❨✈❪➄❙❖❳ ❑✽❙➟❨❫❞➌P❡❳■◗✇♣♦❨➄❚❵❙✏❪❫♣❵❱ ❴❵❑❘◗
❑✽❷✉❜❲❳✛P❡❪✈❑✆❱✉♠✆❑❘◗ ✂✴➞ ☛✙❑✆❱◆◗✇♣✤❱✔❙➶❞✛▼➉▼❖❑✆♠✽❙❖❳✸❑■◗✵♠✆♣❵❬❂❬◆❑✍♣❵❱★❜❲❑✽❚❲❙☞❨❫❑⑧❤❲♣❲❪sP❯◗➉❚❲P❦❨❩❞✍▼➉❪❫r❘❚❲P❡❑⑧➝☞❼
✭☎✮❞❝❀✱✳✲✵✺✂✼❅✽❇❈❳✴❘❭✿❬✂✴✷✽✿❆ ❉✷✺✂✼✣❆✸❀ ❆❀❭✿❬✂❁❃✺✂✼❁❀ ✴❘✼ ❆❀❭❪✸✤❡✟❈❳✺✂✽✿✾❀❱✿✼☎✼❂✺◗❈ ❉ ✺✂✼❯❉✷✴✰✶●✴❙✸✻✺✂✼❅❏❇✺❊❉✷❆▲❑◆▼P❖
✭☎✮❞❝ ✮✰✯✂✱✳✲✵✺✂✼✣✼ ✽✿✺✂❬❍✸✻❈❳✾❫✶✆❂❍✸ ❈❳✺✂✼
❏▲❞ ❜❘❚✹❪❛◗✒◗❡❞✆❱✉♠✆❑ ❴❲❑■◗ ❞❭❪❩❬✢❞❭❱✔❙❡◗❡❥ ❴✹⑤❩❞✛❢❲♣❵P❡❴ P❡❳■◗❡❪❛◗✏❙✏❪❾▼❡◗ ❜❘❚✹❪❩◗ ◗➉❚❲❜❵P❡❞✸♠✆♣✤❱✉❴■❚❀♠✽❙❖❑✽❚❲P❽◗✇❥➌❱☞⑤✈❞ ♠✆❑❘◗❽◗❧❳
❴✹⑤❩❞✽❚❲r♦❬✢❑✆❱■❙❖❑♥P✒❼✱➛▲❱ ✭❲➔ ❞✛❱❲◗❡❥❆❑✆❨✈❨❩❑✙❞✙❳✽❙❖❳✻❬➋❚✹❨→❙❝❪❫❜❲❨✈❪❩❳✆❑✙❜❲❞✛P✙➑♥➔❵❥●❜❲❞■◗❧◗❡❞✛❱✔❙ ❴❵❑ ➝☞❼❛➑ ✟✵❑■◗❡❨❫❞✙❑✆❱ ➑♥➒❵➓❘➝








50 kDa30 kDa20 kDa10 kDaTaille de la
Protéine
+ marquage spécifique 
 ✂✁☎✄✝✆✟✞✡✠☞☛✍✌✏✎✘✎ ✲❍✠✔✫✯✢☎✌✂✆✯✄✝☛ ✞✆✒✥✳ ✢✁ ✡✫✖✙✟✌❬✆✖☛✍✓✬✠ ✠✝✞ ✙✟✌✏✢✖✌ ✁✰☛✍✄✝✙☎✢✖✌❬✠☞✄✬✞ ✬✂✬✔✌
❿✒☎✂➑✴❿


















✭☎✮❞❝ ✮❞❝❀✱✳✲✵✺✂✼✣❬❃❈✁  ✾❀✼ ✾❀❭❇❏✿✺◗✼
❊✦❱❵❑ ❞✛❤❲❞✆❱❵♠✸❳✆❑ ❙❖❑✆♠✛⑥❵❱❵♣❲❨❫♣✤r❲❪❫⑩■❚❀❑ ❪✈❬❂❜❲♣❵P➣❙❖❞♥❱■❙❖❑ ❜❲♣❘❚❲P ❙❖❑♥❱■❙❖❑✛P ❴✹⑤❩❞✽❢✤❞❭❪❛◗✒◗✇❑✛P ❨✈❞ ♠✆♣✤❱❲♠✸❑❭❱✔❙✏P❡❞❽❙✏❪❫♣♦❱
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✸✄✶✴❂✬❃✔✻✳❂❱✰✳❂✬❃➊✲✹✰✬●❵❅✴✻✘✲✴✵✷✶✬❃❏✶✴❂✴❦✹✿❨❄▲❂❙✮❣✿❁❂✬❃✔✻✳✵✷❪✔❫✳✵✷✻❛✲✹✰✬●❵✰✳❴✹✻✁✸✘❄❑✮➟✻❢❂✉✵✷✻✳❞✹✿◆●❑❃❏✵✷✻✄❀◗✻✄❂✬❃ ❅✴✻✬●❬●✔✲✹✻✄✸❍❃❏✵✷✻✬● ❁▼➝ ❅✴✻✬●➣✲✴✵✷✶✬❃✔✾✳✿❁❂✴✻❇●
❂✴✶✴❂❊❀✥✰✳✵✷❘✬❉▲✾✄✻✁●✆❜ ✷✢✸❍❃◆❉▲✻✄❄❁❄❣✻✄❀✥✻✄❂✬❃❵❅✴✻✬●➣❃✔✰✳❀✠✲✹✶✴❂❚●➞❃✔✻✳❄◆● ❘✬❉▲✻✌☞ ❸ ✸ ☛❱❦▲➝✢➋ ✹❙➋☎☛❱❦▲❩ ➋☎☛♥●✷✶✴❂✬❃➣❅❇✿✱●❋✲✹✶✴❂✴✿✐➃▲❄✱✻❇●❛●✷✶❇❉❙●
 ✂✁☎✄✝✆✟✞✡✠☞☛✍✌✏✎✑✎ ✒✓✠✕✔✗✖☎✌✂✆✗✄✝☛✙✘✂✚✜✛✢✖✙✣✡✔✥✤✟✌✦✆✥☛✍✧★✠✪✩✝✞✫✤✟✌✏✖✥✌✭✬✮☛✍✄✝✤☎✖✥✌✦✠☞✄★✞✫✯✕✯✕✌
➌✁  ❁❬➌




❉✹❂ ❴❆✶♣❄❶❉▲❀✞✻➠❀✥✿❁❂♣✿✱❀✞✰✄❄✱✻➠❅✹✻   ✂✉r µ ✭ ➍❋↕✴r✴r µ ✭ ✲✹✶❱❉✹✵❿❅✴✻✬●☛❃◆❉✴➃✹✻✬●➈●✔✲✹✾✄✸✄✿✱✰❍❉♣✽❱➔✆❜ ✷❝❪❏✿❁❂✜❅❚✮➟✾❈❴✹✿ ❃✔✻✳✵✫❉✹❂✹✻
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✦★✧✪✩✬✫✮✭ ✯✪✰✱✧✪✩✲✧✮✳P❖❁✧✮✴✼✭ ✺✼✻✪✽❅✾❅■ ❋✵❉❅❇ ■ ❏✷❃❅❈✪✺✲❆❅❊✼✽❁✺◗❇ ❂✬✾ ▲ ❊✼✽❁✺✼❘ ❂✼▲ ✾❙❆❅❂✬❋●❊✼❚✪✽❁❈✄✾ ■ ✺✼❊✼✾ ■ ✻✪✽P❋●❊✼■ ✺❯✽❁❂★✺✼✻✷✽✿✾❅❉❁❊✮✺✲✻✷❑❁✺✼❂✄▲ ▼✷❈✠✺✬❆✿❊✼✽❁✺❯❇ ❂✥✺ ❉❁❂✮❀✼✾ ▲ ❂★❘ ■ ✽❁❊✼❇ ◆
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✆✷✕✬✕✯✁✳✘❯➃❃✚✜✍✑✠✛✪
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✆
 ✝ 
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✞✕✬✮✔✥☛✍✌✖❦✝☞ ✄★✘✭✌✴✆✟☛✍✩✝☎✍✌ ✤✮✠✪✄✴✠✪✞✕✧✮✤ ✖☎✌✝☎ ✄ ✤✗✬☎✯✕✌✝☎✁  ✌✴✠✄✂ ✌✴✤✮✠☞☛✍✌✏✖✥✌ ✔☛✠ ☛✍✩ ☎✍✞✫✖ ✔✑☎
❭✖✠
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 
☛✽✚❝✪ ✌❋✇❋✇ ✝ ✒ ✂
✟✡✠


















✠✷✕✪↕✻✿✛✚ α✚ β ✠✷✕❀✥✝✍   ✠✂✔❑✥✝✠✑✔✛✕
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 
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✯✕✌✝☎ ✂✟✄ ✯✕✌✴✔✟☛✆☎✱✖✥✌✂✞✝✁✥✄✑✞✴✔✥✤✟✌ ✖☎✌✝☎✱✬✥☛✑✄✝✤✟✖✥✌✴✔✥☛✆☎ ✄✏✯✍✣✫✩ ✒ ✔✗✞ ✯☞✞✄✂✟☛✍✌ ✘
✼
✌✝☎❋❊✖●☛❍ ✞❏■ ✯❑✿✘❁▲✿✕❅ ✧★✔  ✢▼ ☎✍✧✮✤☎✠ ✯☞✌ ☎✓✞ ✧✮✤✑☎ ✠✪✄✝✤✮✠✪✌✝☎✱✖✥✌ ✍ ✧✮☛ ✞✝✌ ✖☎✌ ✞ ✁✗✄ ✒✮✔✟✌
✍ ✧✮☛ ✞✝✌ ✖☎✌✭✆✟✧★✠✪✌✝✤☎✠☞✞✕✌✝✯✌✘
✮ ✴ ✔✝✠✂✁ ✑✝✘✬✠✛✪
 
✢✛✕✵✠✂✔✛✕✯✘✬✠✑☛✌☛✎✠❃✪✾✥★✺✬✘❚✔✡✕✵✠✂✁✣✆✑✞❊✕✳✘✌✢✝✔✼✪✾✔❑✢✤✔❛☛✌✘✬✍✑✠❃✪

























































































































































































































✮ ✞ ✌✑✒ ✟ ✎✡✠
























✳☛✆ ≥ ✆ ✵✸✷✧✹



























❜✩❭✖✠❃✪ ✟ ✢ ✓❱✪❄✪✰✢✤✔✡✕❁✘✌✔✟✞✑✢✤✁
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✠✛✪✯✕✴☛✬✆ ✎✯✢✝✁✣✞✑✠✐✥✝✠✦✞✑✢✝✔✼✪✯✕✵✆✂✔✛✕✵✠✐✠✷✕ ✟ ✢ ✓
q◗❢✹✉
















































































































✮✏✷ ✟ ✸✴✷ ❁✁❜  













✁✣✍✑✞✑✍✏✥✝✠✶✔✡✕❤❜ ✴ ✔ ✎✯✆✶✘❯✕❡☛✬✠
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✍☎☛✌✢✼✘✟✑✼✔❑✍✑✠ ✷ ✟ ✸✴✷ ✆✷✚✟✁✣✆❇✕✵✠✂✔❑✥✝✆✶✔❑✞✑✠ ✏✐✥✝✢✝✔✝✔✝✠✂✁❱✚✜✔✝✠


































































✷ ✟ ✸✝✷ ✕✯✁✣✆✑✘✧✕✵✠ ✘✌✔❑✥✤✘☛✎✤✎✵✍✂✁✣✠✑✒✓✒✙✠✑✔✛✕ ☛✌✠❃✪
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✢✝✁✳✔❑✠✛✪✾✥✝✠✴✞✑✢✝✔✛✕✯✁✣✆✑✘✌✔✛✕✵✠✡✪ ✗✟✘✌✢✼☛✬✍✑✠❃✪❡✪✰✢✤✔✡✕✿✠☎✔✼✪✮✚✜✘✧✕✵✠✴✍✑☛✬✆✂✁ ✑✟✘✬✠✛✪ ✏✴☛✮✺✬✘❚✔✡✕✵✠✂✁ ✗✟✆✑☛✎☛✬✠
✌ ✦
✁
✛✁✒ ✥❢✠✷✕❩☛✌✠❃✪✾✞✑✢✝✔✛✕✯✁✣✆☎✘❚✔✡✕✵✠✛✪❞✕✵✢❃✚✥✲✣✢❃✚✟✁■✪ ✗✟✘✌✢✼☛✬✍✑✠✡✪ ✪✰✢✤✔✡✕ ✍✶☛✌✘✬✒✓✘✌✔✟✍✑✠❃✪✆❜✑❭✖✠✛✪ ✗✟✘✌✢✼☛✬✆✷✕✵✘✌✢✝✔✼✪✭✪✣✢✝✔✛✕ ✥✝✍ ✎✮✘✌✔✝✘✬✠❃✪
 
✆✂✁✾✥✝✠✷✚✟✻









































✥✝✠ ✞✑✢✝✁✯✁✣✍✂☛✬✆✷✕✯✘✌✢✝✔❚❜ ☛✟✠✷✚✜☛✎✠✡✪ ☛✎✠✡✪ ✞✑✢✝✔✛✕✯✁✣✘
✁





















































































✪❂✕✯✁☎✍✛✪ ✗✤✆✂✁✣✘✬✍✑✠✛✪ ✬✳✆✑☛❚☛✬✆✑✔✛✕❤✥✝✠ ❁ ✦
✤










































✥✝✠✛✪ ✔✝✢✤●✤✆✷✚✝✻❙✥❝✺✎✆✄✂✡✢❑✕✵✠ ✕ ✗ ★ ✢❃✚ ✥✝✠✱✞✑✆☎✁
✁
✢✝✔✝✠ ✕✓ ✘✓✘❜✦✹❩✢❃✚✟✁☞☛✌✠✛✪❀✥✝✠✷✚✼✻ ✪✳●★✪✯✕ ✍✶✒✙✠✛✪❀✥✝✠ ✪
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✁✣✢★✗✟✢✼✝✛✚✜✠✂✁✐☛✌✆❁✁✣✠✑☛✎✆✂✻✤✆✷✕✳✘❈✢✤✔ ✥✼✠✡✪✱✪✳●★✪✯✕ ✍✶✒❀✠❑✪❨✠✂✻✟✞✑✘✧✕✵✍❃✪✆❜ ✓✭✠
✞✂✗❑✆✶✒
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✪✣✘ ✑✟✔✝✘✞✎✳✘✬✞✑✆❊✕✳✘✌✢✝✔ ✝✛✚✜✠ ✝
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✞☞✬ ✔✚☛✍✌❏❦☛✡☎✄✌☞✺✞✝✁✟✩ ✎ ✄✙✠☞☛✞✍✝☎ ☎ ✞✏✎ ✆✟✯ ✞ ✍ ✞✕✩ ✖ ✔ ✆✚✁✗✩✴✤✟✧ ✎ ✍✴✤✟✌ ✖☎✌ ☛✍✌✝✯ ✄ ✠☎✄ ✠ ✞☞✧✮✤







































































































































































































 ✂✁☎✄✝✆✟✞✡✠☞☛✍✌✏✎✑✎ ✎ ✆ ☛✁ ✜✖ ✔☛✞ ✠ ✞✂ ☎✄ ✌ ✠ ✄✝✠ ✠☞☛✍✞✄✂☎✔✚✠ ✞✂ ✆✄ ✖✚✌ ☞✜✔ ✍ ✁
✮✝✛✞✝ ✮
✏ ✒ ✔✟✖✁ 














































✞✂✖✜✔✚☛✍✌ ☞✘✗ ✙✏✌✛✚ ✖✢✜ ✣✛✚✕✌✛✤ ✠✕☛✁ ✛✆✗✁✢ ✜☛✞✍✝☎✍✌✭❦✛✥✧✦ ✽ ✄★✄✚✄✩✚ ✪ ☎ ✌ ✖☎✌✫✚✕✄✙✆✚✔✚☛✑✞ ✍ ✞✂✤✝✄✝✠ ✞✂ ☎✄ ✄ ✆✚☛✞✍✝☎ ☞✚✖✭✬✘✽✯✮✢✥
✰
✔✗✞ ✠ ☎✿❦✱✗ ✎ ✄✝☛✓✒✛✔✗✌ ✔✗☛✆☎ ✖☎✌ ✆✢ ✜✞✕✖ ☎ ✎✲ ☎✚✳✣★✤ ✔✴✚✕✄✛✞ ☛✍✌✝☎✠✽
✰































✁✂✁✦✄ ✙ ✑✢✥ ✑✤✙ ✓✍☛ ✥✢✁✏✎✒✑✤✓✚✁ ✞✡✕ ❉ ✑✢✥ ✥✢✆ ✕ ✠ ✧ ✎✤■❑❏ ✑
✿✣☛✦✠✛✪✯✕ ✘✌✔✡✕✵✍✂✁✣✠✛✪❆✪✣✆✑✔✛✕
✁





















































✠❊✕✁✺✯✢❃✚ ✠✂✔ ✠ ✎✢✎✵✠✛✞❊✕✫✚✜✆✂✔✛✕❪✥✝✠✡✪✴✆✑☛✎✘☛✑✝✔✝✠✑✒✙✠✑✔✛✕✣✪ ✥✝✠✹✪✣✍ ✝✛✚✜✠✑✔✟✞✑✠✛✪✩✆ ✎✯✘✌✔ ✥✝✠❀✕✯✁✣✢❃✚✏✗✟✠✂✁ ✥✝✠✛✪
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✾ ✱✪✚✺✱✓✳✢✗   ✚✢✜✤✽✝✗✡✜✆☎✮✥✦✭☛✽ ✫✮✭✠✟✧✥✒✎✁✡ ✫✞✝✠✟☛✡✌☞✎✍✁✏✆✑
❭✖✆☞✞✏✆✂✁✣✆✑✞✷✕✵✍☎✁✲✘✬✪✣✆✷✕✵✘✌✢✝✔✐✥✝✠☞☛✬✆
 
✁✣✢❃✕✵✍✂✘✌✔✝✠ ▲❃✚ ✎☞▼▲✆☞✍✷✕✵✍❫✁✰✍✑✆✑☛❚✘✫✪❆✍✑✠ ✠✶✔❛✚✝✕✯✘✌☛✎✘✫✪❆✆✑✔✛✕✖☛✌✠❇✪✣✠☎✁✔✗✤✠✷✚✟✁✭✥✝✠
✁
✘✌✢✼☛❈✢ ✑✟✘✫✠






















































































☛✁ ✜✖ ✔✴✤ ✠ ✞✂ ☎✄ ✌ ✠ ✄✝✠ ✠☞☛✍✞✄✂☎✔✚✠ ✞✂ ✆✄ ✖✚✌ ☞✜✔ ✍ ✁
✮✤✁ ✦✺✮
✘













✓ ☎ ✍✔✓ ✏
✷
Ala (A)   9   7.4% 
Arg (R)   3   2.5% 
Asn (N)   4   3.3% 
Asp (D)   9   7.4% 
Cys (C)   3   2.5% 
Gln (Q)   7   5.7% 
Glu (E)   7   5.7% 
Gly (G)  14  11.5% 
His (H)   4   3.3% 
Ile (I)   4   3.3% 
Leu (L)  10   8.2% 
Lys (K)   6   4.9% 
Met (M)   4   3.3% 
Phe (F)  10   8.2% 
Pro (P)   7   5.7% 
Ser (S)   4   3.3% 
Thr (T)   5   4.1% 
Trp (W)   1   0.8% 
Tyr (Y)   1   0.8% 
Val (V)  10   8.2% 
✢❀✠❄✞✏✠✷✕✎✕✵✠❙✆✂✔✝✆✑☛✽●★✪❆✠❙✢✝✔ ✠✑✔❢✥✝✍✑✥✛✚✜✘✧✕✦✝✛✚✜✠✸✷❱☛✌✆
 













✠❃✪✾✠✷✕ ✥✝✠ ☛✄ ❚❜✁☛✆❀ ✥✝✠ ✁✣✠✛✪✣✘❈✥✛✚❞✪✾✆☎✁✣✢✤✒❀✆✷✕✳✘ ✝✛✚✜✠✛✪✆❜
✏✑✏✎✒ ✛✪✖✂✁
✚  ✟✫✮✜✲✳✺✗✡✜✲★✪✩ ✫✮✭✹✽✝✗✡✚✺✥✮✳✢✗✡✥✮✚✢✭ ✽ ✽ ✭✟✳✟★✪✩✮✫✮✱✪✜ ✚✢✭☛✽ ✫✮✭✠✟✧✥✒✎❁✡
❭✖✆
 
✁✰✍✑✥✤✘❈✞✷✕✳✘❈✢✤✔ ✥✝✠ ✪✮✕✯✁✮✚✜✞❊✕✫✚✟✁✣✠ ✪✣✠✏✞✑✢✤✔❑✥✝✆✑✘✽✁✣✠✱✆✱✍❊✕✵✍✹✁✣✍✑✆✂☛✌✘✫✪ ✍✑✠ ✏✱☛✯✺✎✆✑✘✬✥✝✠✱✥✛✚
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✂✴✔❂✞✑✢✝✔★✪✮✕✵✆✷✕✵✠❄✪✯✚✟✁✐☛✌✆ ✔❞✘✟✑❃✚✟✁✣✠ ☛ ✞✑✘❑✮✳✥✝✠❃✪❆✪✣✢❃✚❝✪✦✝✛✚✜✠❣☛✬✠✛✪❁✪✯✕✯✁✮✚✜✞ ✕✫✚✟✁✰✠✛✪✱✪✣✠✏✞✑✢✤✔❑✥✝✆✑✘✽✁✣✠❃✪✦✘❵✪❆✪✮✚✜✠❃✪✦✥✝✠❘☛✫✆
 


















☛✁ ✜✖ ✔✴✤ ✠ ✞✂ ☎✄ ✌ ✠ ✄✝✠ ✠☞☛✍✞✄✂☎✔✚✠ ✞✂ ✆✄ ✖✚✌ ☞✜✔ ✍ ✁
✮✤✁ ☛ ✮
SufA,     18 LTLTPAAAIHIRELVAKQPGMVGVRLGVKQTGCAGFGYVLDSVSEPDKDDLLFEHDGAKL 
IscA,      3 ITLSDSAAARVNTFLANRGKGFGLRLGVRTSGCSGMAYVLEFVDEPTPEDIVFEDKGVKV 
              **   **       *      * ****   ** *  ***  * **   *  **  * *  
PROF_sec    EEEE HHHHHHHHHHHH      EEEEEEE      EEEEEEEE       EEEE   EEE 
 
 
SufA,      78 FVPLQAMPFIDGTEVDFVREGLNQIFKFHNPKAQNECGCGESFGV 
IscA,      63 VVDGKSMQFLDGTQLDFVKEGLNEGFKFTNPNVKDECGCGESFHV 
               *    * * ***  *** ****  *** **    ******** * 
 
PROF_sec      EEE    EEE    EEE  EEEEEEE     EEEEE           
✕
✞✂✖✜✔✚☛✍✌✭❦✱✗ ✁✱✚✕✞ ✖☎✄✟✌ ✎ ✌✛✄✜✠ ✖✚✌✁☎✁✣ ✒✜✔✗✌★✄✴✤ ✌✝☎ ✌ ✠ ✆✚☛✁✣✝✖☎✞✳✤ ✠☞✞✂ ☎✄ ✖✚✌✁☎✑✠☞☛✑✔✢✤ ✠ ✔✚☛✑✌✝☎ ☎✍✌★✤✆ ☎✄✟✖✚✄✛✞ ☛✍✌ ☎✓✖☎✌✝☎ ✆✚☛✁ ✛✠✯✣✝✞ ✄✟✌ ☞✜✔ ✍ ✁ ✌ ✠ ✎ ☎✌✤✘✁ ✖✁  ✂☎✄✝✆☎✞✠✟☛✡
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③
✮ ✮
③②① ▼ ◗❏❚✑❙✷①❹❶❿❙ ✩❃③ ✕✝③✩✇ ✩❃✈✣✓ ✓✻✫✝③✁✇ ✩❃③ ✩✻✫✑◗✺✤✘❚✸✕✩③✝❢P③✸✓✩①❴✇ ✕✑✉❃❶♦❢ ❶❃✹✺⑩❷③✩✇ ✓❯✈❯⑩❬✇ ◗❏✈✁⑩✻✼❏✈✻✓⑨✇ ✩✻✫❙❅✾▼ ✈◗✍✁①❱③✄✓❃❶❽❙ ✩❃③
✤✧✦♦❶★✓
✮
✈❃❙❴❢ ❚②①❅❶✸✈✣✓ ✇ ①❹❙ ⑩✲✕✱①❻⑩❏❙❴❚✄✤✸③✥▼ ◗❃❙✴✈⑤◗❯✈❞✇②✩❃③ ✤✘❚ ◗❃❙❴✈✺①✬✫✑❶★✓❃③✭⑧✞☞➅✈✁⑩❃❙②✕✝③✄✤✘❚✹④✎✍ ❶❻✇❴✉❯❚✑❙ ①❍③✱①✑✏✁✒ ✈✻✓✢① ✩✻✫ ✼❏③✸✤✘✈❃◗❃◗✺✫ ⑩✺✓❏③





✼✛⑧✑✛✑✦♦③✺✇❹①P⑩✺✓❯③ ❢✏✫②①❹✉❯✈❅✩❃③ ✇ ①❱❚✱①❹❶❻✇ ①❹❶★✹✺⑩❷③❜✹✺⑩☎❶ ✇❴③ ✍⑤❚✺✇✛③ ✇❹⑩❏❙ ⑩✺✓❯③
❚✄✓❯❚❊✤★✇☎✇✛③❲✩❃③✺✇ ✼⑤❚✸✤♦③✫⑩❏❙✱✇ ③✖◗❯◗✺✫✑❙❴❶♦❢ ③✸✓✺①❱❚✸✤✘③✺✇✿✩❃③✁✇✿✩✻✫✑◗✺✤♦❚✖✕✺③✝❢ ③✸✓✩①❴✇ ✕✠✉❃❶♦❢P❶✯✹✺⑩❷③✁✇✌✗✑❪✾✛❣④❄✕✝③✫⑩✻◗❖P❑✕✝❶❵✫②①❱❚✄✓✺① ①❻❙✾❩✩✇
✇❴③✸✓❏✇❴❶✤✍✲✤✥③✁✇☛▼ ✤✘③②⑩❏❙❍③✄✓✆✼❏❶✘❙❴✈✻✓✻✓❃③✝❢ ③✸✓✺①➅①❱❚✄✓✩①✷✕✠✉❃❶✍❢ ❶✯✹✺⑩❷③ ✹✺⑩❷③P✇❹①❹❙ ⑩✲✕✶①❻⑩❏❙✴❚✄✤✘④❏✩❃✈✻✓✻✕ ❚②⑩✻◗❵✫✸✤✯✫✝❢ ③❊✓✩①❴✇☛✩❃③P✇ ①❻❙❹⑩✲✕✶①❻⑩❏❙❴③✩✇
✇❴③✖✕✝✈✣✓✶✩❃❚✝❶✍❙✴③✺✇✫⑧✆❖✳③✁✇✷✩✻✫✑◗✺✤✥❚✸✕✝③✝❢ ③✸✓✺①❴✇✷✕✝✉❃❶✘❢P❶✯✹✺⑩❞③✺✇❣③✄◗❯◗✺✫✑❙❴❶♦❢ ③❍✓✺①❱❚②⑩✻◗ ③②①✞✤✧✦♦❶★✓✶✩⑨③✄◗❪✩❃③✔✩✻✫✑◗❅✤✥❚✸✕✹③✢❢ ③✸✓✺①❉✕✠✉❃❶♦❢P❶✯✹✺⑩❷③
✩❃③✺✇②✗✑❪✾✛
α
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✮ ✮
③✸✕②①❻⑩✲✫✭⑧✶❖✳❚✑✼❏❚✸✤✥③✹⑩❏❙❴✩❃③✺✇✞✼❏❚✑❙❴❶✥❚②①❹❶✘✈✻✓☎✇
✩❃③✜✩✻✫✑◗❅✤✥❚✸✕✹③✢❢ ③✸✓✺①❴✇❉✕✝✉❃❶✘❢P❶✯✹✺⑩❷③✸✹ δ ✓❑✛ α














❙❴③ P✭☛✩⑧✣❖✳③ ✤✸✈❅✓✆■❵✩⑨③❋✤✥❚ ✇✾✫✖✹✺⑩❷③❊✓✺✕✹③ ◗❃❙✴✈❯①✬✫✑❶●✹✺⑩❷③✝④❞⑩✲✓❃③ ✇ ⑩❷❶☛①❱③❋✩✭✦❻❚②⑩ ❢ ✈❏❶❤✓☎✇②✹✺⑩❷❚②①❹❙❴③ ❃ ☛ ✇❴❚✸✓☎✇❍❚✸✤☛①❱③✑❙✾✓❃❚✸✓✻✕✩③
❚ ✼⑤③r✕ ⑩✺✓ P ☛❉✇❹⑩✺■✻■✭❩✑❙✴③✴✤✸❚ ◗❃❙✾✫✁✇❴③✸✓✻✕✹③✱✩✰✦❽⑩✲✓❃③❉✉✻✫✸✤♦❶✯✕✝③
α
④❬③②① ❶★✓✆✼❷③✑❙✱✇✴③✝❢P③✸✓✩①➅⑩✺✓❃③P✇ ⑩❷❶☛①❱③✱✩✭✦✥❚②⑩ ❢ ✈⑨❶★✓☎✇✷✹✺⑩❞❚②①❹❙❴③❋P✭☛
✇❴❚✸✓❏✇ ❚✸✤☛①❱③✑❙❑✓❏❚✸✓✻✕✹③ ❚✖✼⑤③✸✕ ⑩✲✓ ❃ ☛❇✇❹⑩✺■✻■✺❩✑❙❴③✑✤✘❚❘◗❃❙✾✫✺✇✴③✸✓✻✕✝③✑✩✭✦❽⑩✭✓❂✍❃❙❴❶★✓✗✖☎⑧
❖☛✦✥❚✸✓❏❚❊✤P✇❷✇✛③✑✛ ▲❉✿t✩❃③ ▲✁⑩
✮
▼ ✇ ⑩❏❙t✤✘❚✥✍⑤❚✁✇❴③✑✩❃③✺✇t✩✺✫✑◗✺✤✥❚✸✕✝③✝❢ ③❊✓✁①❴✇ ✕✑✉❃❶✘❢P❶✯✹✺⑩❷③✁✇t✩✺⑩s✛ ✂ ④✺✛
α







✞✂✖✔✕✛☛✍✌ ✥✲✗t❦ ✄✛✄✩✚ ✪✭✮❚✌❊✓☎✌✺✮ ✣✛✚✂✣✾♠✰✌★✄✛✠✹✮●✓☎✌❋✮✑✠✪☛✑✕✴✤✗✠✪✕✛☛✍✌✺✮▼✮✿✌✛✤✛ ☎✄✟✓✛✄✬✞❀☛✍✌✝✮●✓☎✌ ✢✔✕❍✂❃❦ ❖ ✆✭✄✝☛✑✠✪✞❀☛●✓✬✕  ✏✢☎✎✴✌✗✠◗✓☎✌✺✮●✓ ✣✗✆✴✚✪✄✩✤✝✌✾♠✰✌✛✄✖✠✹✮
✤✝✁✟✞ ♠✜✞ ♥✖✕✭✌✺✮✲✓☎✌ ✚☞✄❭✆✛☛✁ ✬✠ ✣★✞ ✄✟✌◆q✂❑✱✄◆✆✛☛✁ ✬✠✯✣✝✞✂✄✭✌ ✢✔✕✄✂✯❦ ✆✴ ✛✮❈✮✁ ✝✓☎✌ ✮✏ ✟☛✍✞ ✄✙✮ ✼ ✌✗✠✩✕✴✄✟✌✴✁✢✣✛✚✪✞✂✤✝✌
α ✂
✎✓✚✱✄❃  ✪❊✄✔❇ ✆✭✄★☛ ✤✛ ☎✄☎✠✪☛✍✌✺❇✻✄★✕✴✤■✕✭✄
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α









✛❣③ ❙❇✫✺✇ ⑩✲✤☛①❱❚②①❘✕✑✈❃❙❅❙✾❩✄✤✸③ ◗❏❚✑❙
✮
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✮
▼ ⑧ ✂❴✓ ③
✮❑✮
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✮
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α ✆
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✓❑✛
→
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✮ ✮
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❶✯✹✺⑩❷③❉◗❏✈✁⑩❏❙ ✤✘③✁✇❍◗❃❙❴✈✺①❹✈✻✓⑨✇☛❈ ☛ ③②① ❈ ✖q❚✥✫②①✬✫ ③✄✓✭❙❴③✄■❏❶✷✇❹①❹❙✾✫✝③
❢ ❚✝❶✷✇ ③❊✤✯✤✥③❘✓❯③❙✓❃✈✁⑩❬✇ ❚❘◗❏❚✺✇➅◗❏③✑❙❴❢ ❶❻✇t✩✭✦✥❚②⑩✺■⑨❢ ③✸✓✺①❱③✠❙①✤✘③ ✇❇✕✝✈❃❙❴③✑✩❃③✺✇ ❚②①✥①❻❙❅❶✎✍✭⑩❃①❅❶✘✈✻✓☎✇➅◗❃❙❴✈✺①✷✈✣✓❏✇✫⑧
✂✄✂☎✂✝✆✁ ✁✠☛✡❋❪❅❪❴❡✠❫✠✟❬✐☎❪❴❫♦❛❃❭❬❧☛✝❬❝✝❧✳❩❃❡✑❛❏❥ ❩✁❪✴❫✄✂❬✐❬❝✝❧
✛❣③✺✇ ❙✾✫✁✇❴❶✯✩✺⑩❬✇ ❙❴③✑◗❃❙✾✫✺✇✴③✸✓✺①❱③✄✓✩① ✼✟✝   ✩✺⑩④✓❯✈⑨❢❋✍❃❙❴③ ①❱✈✺①❱❚✄✤s✩✭✦♦❚❱✕✝❶★✩❏③✺✇ ❚✝❢ ❶❤✓✺✫✩✇❬✕✝③✌✹✺⑩☎❶✪✓❛✦✥③✺✇❹①❦◗❏❚✁✇
✓✻✫❍■❅✤✥❶❤■❏③✹❚ ✍✺✤✥③✁⑧❏✵ ③✁✇ ❢ ✈❅✤✯✫✸✕②⑩✲✤✥③✺✇ ①❱③✸✤★✤✥③❯✇✴✹✺⑩❷③❄✤♦❚q◗⑨✉✶✫❊✓✆✇✺✤✥❚✸✤✥❚✸✓❃❶❤✓❏③ ③②①✱✤✸③ ①❹❙❑✇✁◗✁①❱✈❃◗❃✉❃❚❍✓❃③ ✇✴✈✣✓✩① ✉✆✇✺✩✁❙❴✈❃◗❃✉❃✈◗✍❏③✁✇
❚✸✤✘✈❃❙✱✇✷✹✺⑩❷③✱✤❁✦♦✉❃❶❻✇❹①❅❶★✩❃❶★✓❏③❉③✁✇ ① ✉✆✇✶✩✁❙❴✈❃◗❃✉❃❶❃✤✥③✁⑧✆❖✳❚❇①❁✇✭❙❴✈☎✇❴❶★✓❃③✝④❛✹✺⑩❷❚✄✓✩①❉▼❉③✸✤❤✤✥③❉③✩✇ ①t✓❃③✫⑩❃①❹❙❴③✁⑧✺✛❣③✱✹✺⑩❏❶❬③✺✇❹① ❶❤✓✩①❱③✑❙❴③✺✇✛✇❴❚✸✓✺①
◗❏✈✁⑩❏❙✎✓❯✈✺①❻❙❴③❦✇ ①✣❙ ⑩✲✕✶①❻⑩❏❙✴③✝④①✕ ✦♦③✺✇❹①✜✹✺⑩✉✦♦❶★✤✞✇ ❚✘✩❃❶P◗ ◗❏✉✻✫✸✓✆✇✺✤✥❚✸✤❻❚✄✓❃❶★✓❏③✁✇✔✹✺⑩☎❶❣❚✫⑩❏❙❴✈✣✓✩①❣①❱③✄✓✻✩❃❚✄✓✶✕✩③✘▼✡✢②①❹❙❴③❪✩❃❚✄✓⑨✇✔✩❃③✁✇
❳✩✈✻✓❃③✺✇ ✉✆✇✺✩✁❙❴✈❃◗❃✉❃✈◗✍❏③✁✇✫⑧ ✷✿❚✑❙❆✕✝✈✻✓⑨✇✾✫✖✹✺⑩❬③✸✓✺①❱④ ③❍✤❤✤✥③✁✇ ✇✴✈✣✓✩① ③✸✓
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✷✿✈✁⑩❃❙✢✤✧✦♦❚✫①❻①❻❙❅❶✎✍✁⑩❃①❱❶✘✈✻✓ ✩❃③✁✇✖❙✾✫✺✇❴❶✯✩✺⑩❬✇ ❚✠❙❴✈⑨❢ ❚②①❱❶★✹✺⑩❷③✺✇❲✓❯✈❯⑩❬✇ ❚✄✼⑤✈✣✓❏✇❲✩❃❚✸✓⑨✇ ⑩✲✓ ◗❃❙❴③✝❢P❶✥③✑❙ ①❱③✝❢❉◗❬✇
③✄✓✭❙❴③✄■❏❶✷✇❹①❹❙✾✫ ⑩✺✓❃③ ✇❇✫✑❙❴❶✥③✑✩✭✦♦③✄◗❃◗✺✫✠❙ ❶✥③✸✓✻✕✹③❯✇❡☎✆✵♠✇❅◗✺✫✖✕✢❶
✮
❶✯✹✺⑩❷③✁✇✫⑧
✗✑❪ ✛ ❈☛✡❖◆✜✛ ✠
☞






☎✆✵ ✓ ❈❋✖❇✛ ✓✬✛ ✖ ❈    ✎✛ ✡✍✌ ✠
☞
❬  ❇s ✹✺⑩❷❶✞✩❃✈❃❶☛①❍◗❏③✑❙❴❢ ③②①❻①❹❙✴③✪✩❃③✪✕✑✈✻✓✆✓❯③r✕✫①❱③✑❙❘⑩✺✓❦◗❃❙❴✈✺①✷✈✣✓ ❚◆✼❏③✸✕✪✤✥③⑤✇
✕✝❚✑❙ ✍❏✈✻✓❃③❙✼❏✈⑨❶♦✇❴❶★✓☎✇ ❶❉P ✼❍✈✁⑩ ❶ ❃ ✼✩⑧
☎✆✵ ✛✯◆ ❈✎✵ ✠
☞
❬  ❇s ✹✺⑩❷❶✞✩❃✈❏❶☛①✜✕✝✈✻✓✆✓❯③✸✕②①❱③✑❙✔✤✘③ ✛ ✖ ✩✭✦✍⑩✺✓❯③✘✕✝✉❯❚✠✟❁✓❏③✘✤✥❚②①✬✫✠❙❴❚✸✤✘③ ❚✫⑩ ❈❄✽❚✩✺⑩❭✕✄✇✺✕✸✤❻③






 ✑✓❉◗❏③②⑩❃① ✇✾✕✑✉✶✫✝❢P❚✫①❅❶♦✇✴③✑❙t✕✝✈⑨❢ ❢ ③ ✇ ⑩❷❶☛①
③✄✓✱✼❏③✠❙ ① ✺❊☎✆✵❳✛✳◆ ❈✜✵ ✠
☞
❬   s
③✄✓ ✈❃❙❴❚✄✓ ■❏③ ✺r☎✆✵ ✓✄❈❋✖✾✛ ✓❑✛☛✖✕❈    ✎✛ ✡✍✌
③✄✓ ✎✛❚②⑩✲✓❃③ ✺❅✗✑❪❇✛ ❈ ✡❖◆✎✛ ✠
☞
❬   s





❈✁✄ ✗ ✛✂✄ ✗





❈ ❶♦✇ ❏ ☎
✂ ✂ ✂ ✂
❈ ❶♦✇✂✼❍✈✻▲
✂ ✂ ✂ ✂




























☎ ☎ ☎ ☎ ☎ ☎ ☎ ☎
✷➁✉❃③ ❏ ✄
✂ ✂
☎ ☎ ☎ ☎ ☎ ☎ ☎ ☎













































✂ ✂ ✂ ✂ ✂ ✂ ✂ ✂ ✂ ✂








  ✇✭❙ ❅✳❅ ☎ ☎ ☎ ☎ ☎ ☎ ☎
  ❚ ✍✺✤✥③✝❚②⑩✏☎ ✺✢◆ ❶★✤✥❚✸✓❋✩❃③✺✇ ❚②①✥①❹❙❅❶✎✍✁⑩❃①❱❶✘✈✻✓⑨✇t✩❃③✺✇✿❙✾✫✺✇❴❶✯✩✺⑩❬✇ ❚✑❙❴✈❏❢P❚✫①❹❶★✹✺⑩❷③✁✇✫⑧
 ✑✓✪✩✻✫✸✕✹✈⑨❢❉◗✁①❱③✎☎ ✂P◗❃❙❴✈✺①✷✈✣✓❏✇❣❚②①✥①❹❙❅❶✎✍✁⑩✲✫✺✇ ✇❹⑩❏❙✷▲ ❏ ❚②①✥①❱③✄✓✻✩✺⑩❬✇✴④❏✩❃③❉❢✣✢✝❢ ③ ◗❏✈❯⑩❏❙✷✤✘③✩✇☛✕✝❚✑❙✕✍⑤✈✣✓❏③✺✇✴④❛✕✝③✱✹✺⑩❬❶
❙❴③✑◗❃❙❇✫✺✇❴③✄✓✩①❱③ ❇✁✝   ✩✭✦✥❚②①✥①❹❙❅❶ ✍✁⑩❃①❱❶✘✈✻✓ ◗❏✈❯⑩❏❙✷✤✘③✁✇❍❚✑❙✴✈⑤❢ ❚✫①❅❶★✹✺⑩❷③✁✇✠⑧✻❖✳③✑✍❏❶★✤✥❚✸✓❪✩❃③❋✕✝③②①❻①❱③ ❚✶①✥①❻❙❅❶✎✍✭⑩❃①❅❶✘✈✻✓q❢ ❶✓①❅❶★■✺✫ ③✁✇ ①❴✩✺⑩
❚②⑩✻◗ ✓❯✈⑨❢❋✍❃❙❴③✫⑩❬✇❴③✁✇ ✇❹⑩❏◗❏③✑❙❅◗❏✈☎✇❴❶☛①❱❶✘✈✣✓❏✇✪✩❃③✩✇P❙✾✫✩✇❴✈✻✓❏❚❊✓✶✕✝③✺✇s✩⑨❚❍✓☎✇✪✤✘③✁✇ ✇❱◗❏③✸✕②①❹❙❴③✩✇✥☎✆✵ ❚✝❶★✓⑨✇❴❶✜✹✺⑩❷③ ✩✺⑩ ❢ ❚✄✓✶✹✺⑩❬③
✩✭✦✥❚②①❻①❻❙❅❶✎✍✭⑩❃①❅❶✘✈✻✓ ❚②⑩❪✓❃❶P✼❷③✝❚②⑩❫✩❃③✺✇ ❈ ☛ ③②① ❈ ✖☎⑧✶✛ ③✖✕✢❶❷③✝❢ ◗❖✢✸✕✝✉❃③✜✩❃③✎✕✝✈✻✓✻✓❃③✖✕②①❱③✑❙✞✤✘③✜✕✄✇✺✕✸✤✥③✎▼✜✤♦❚✜✕✝✉❃❚ ✟❁✓❏③✎✤✥❚②①✬✫✑❙❴❚✸✤✘③✭⑧




✒✔✓❃③P✇❴✈✺✤☛⑩❃①❅❶✸✈✣✓ ◗❏✈❯⑩❏❙▲◗❏❚✸✤★✤♦❶✥③✑❙❴▼✱✕✩③✺✇▲◗❃❙❴✈◗✍✺✤✯❩✝❢P③✁✇❴✩✰✦✥❚②①❻①❻❙❱❶✤✍❃⑩❃①❹❶✸✈✣✓❏✇ ✇❴③✑❙❴❚✝❶☛① ◗❏③✫⑩❃① ✢②①❹❙❴③✱✩❃③✱✩❃③✫⑩❃①✬✫✑❙❴③✑❙✞✤✥❚
◗❃❙❴✈✺①✬✫✑❶★✓❯③✝④r❢ ❚✝❶❻✇☛✕✝③✸✤✥❚✱✓❛✦♦❚ ◗❏❚✩✇✷✫②①✬✫✱✤✧✦♦✈❃◗✁①❹❶✘✈✻✓✪✕✝✉❃✈❏❶♦✇❴❶✥③✝④❬③②①❉▼✱✕✝③ ✇❹①❱❚✸✩❃③✱✩❃③✱✤✧✦❃✫ ①❻⑩✲✩❃③✱✩❃❚✄✓☎✇✷✤✥③✱✕✝❚✸✩✁❙✴③✱✩❃③✱✕✝③②①❻①❱③
①❹✉✻❩✩✇❴③✑✕✝③✸✤✥❚❙✓❃③ ✇✴③✢❢❋✍✲✤✥❚✢❶✓①✧◗❏❚✩✇t✕✝✈⑨❢❉◗✺✤✯❩②①❱③✝❢ ③✸✓✺①✿✈❃◗❃◗❃✈✁❙❻①❻⑩✺✓☎⑧
✂✄✂☎✂✝✆☎✄✁✠✝✆❋❛✁❪❴❝✞✝✟✞❹❩✁❪❅❪❴❡✠❫✠✟❬✐☎❪❴❫✥❛❃❭




❚✢❶✓①t✤ ✦✥✈ ✍✏✎✛③②① ✩✭✦✸⑩✲✓❃③ ◗✁⑩ ✍✺✤✥❶✯✕✝❚②①❱❶✘✈✣✓✏✩❃❚✸✓☎✇
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✠✁✑ ✄✕✙✴✓✣✑✛☛✍✢✱✙ ✑ ✠☎✄✏☛✖✦✶✙ ✑❆✣✫✓❁✿❬✚✯☛✿✘✑✚✬✠ ✚✗✖✥✚✓✘✒✓❉✘✪✼✔✓✱✠✧✌❋✣✧✠☞☛✔☛✍✠
✢❅✑❍✪✥✠✤✄✏☛✒✢❈✠✢✘☞☛✍✢✮✙✬✑ ★✌✑✛☛✔✑✢✖✕✠✤✞●✥ ✠☎✄✒☛✍✠ ✌❲✦✬✚☞☛✍✠✑✖✞✂✟✢❅✑✬✠✑✖✻✓✩✘✸✄✒☛✣✖✏✑✩✣✓☛✔✑✢✖✍✠❲✦✛✠✫✓✩✘ ✚✗✖✕✙☎☛✜✚✼✢❅✑✛✠▼✦✵✢ ✂✢✚✛✖✺✢ ✤☎✑✥✠✤✞●❂❈☛✛✣✪✠ ✂ ✌☎✂✝✠✸✄❀✿✌✢✶✓






✄ ✖ ✡ ✞✝  ☞✖◆❍❃ ✁✷✞✼❂✻✑ ✠✒★❙★✍✠☞☛✍✦
✣✪✙✍✂✎✂✎✠✄✑✛✙✤✑✩✄ ✓✍✿✁✘✁✪✬✙✬✑✚✄ ✢❅✑✬✦✛✢✶✤☎✑❊✚ ✄✖✙✳✑✩✄ ✄✻✘ ★✒✙✪✖✞✂✟✠ ✘✛✚✘✙✛✦✾✓❁✿✌✠✒✑✚✄✖✠☎✂❇✼✩✓✱✠✄✦✛✠ ✓✩✘✙✚✗✖✕✙☎☛✜✚✰✢✼✑✳✠✙✚✬✙✳✑✢✖✿✖✻✘✼✢✣☛ ✌☞☛ ✖✕✠
✄✏☛✣✖✒✑✩✣✓☛✔✑✢✖✥✚ ✟✡✦☎✑ ✂❂✙✵✢❅✑✘✄ ✄✕✙✤✑✩✄ ✄✻✘✆★✒✙✪✖ ✂✟✠✆✣✑✖✕✢ ✄✒☛✿✘✒✓✼✓✱✢✔✄✽✚✪✠ ✡✯✞❅✁ ✘✪✢✔✄❖✣✪✠❈✑❊✿✱✠✳✄✒☛ ✚✢✘★✄❖✣✪✠✆✤☎✑✥✠ ✓❁✿✱✙ ✑ ✙✠✼✘✄✖✠✑✖❙✪✥✠✍✚✢✘✑✖




✞✬❂✖✑✟✠✒★✡★✍✠☞☛✍✦✙✓✻✠✳✄ ✖✥✚☎✄✏✑✩✓✣☛✿✘☞☛✕✄ ✦✛✠✾✦ ✳❆✑✢✘✒✂✝✢✍✤☎✑✥✠ ✂✟✙✬✑☎☛✣✖✕✠✁✑★☛ ✘☞✑❏✣✪✙ ✑★☛✣✖✻✘✼✢✜✖ ✠✾✤☎✑✥✠ ✓✱✠☎✄ ✚❑✘✑✖✏☛✒✢✻✠✳✄ ✗ ☞
☛✍✠✑✖✌✂✟✢❅✑✢✘✒✓✘✠✯☛❄✹ ☞ ☛✍✠✛✖✌✂✟✢✼✑✢✘✒✓❅✄✖✙ ✑★☛✘★❙✓✱✠✡✷✬✢ ✼❑✓✱✠✤✄✕✦✤☛✍✙✳✑✶☛ ✣✼✙✍✂✎✂✎✠✾✓✁✘ ✼✬✙✤✑✩✣✒✓✮✠✾✦✛✠✫✓✩✘✾✣✡✳✘✄✒☛✜✚ ✢❅✑✬✠ ☎✏✎✘✞ ✞ ✘✑✖✛✣✪✙✬✑☎☛✣✖✕✠✪✦✬✑✛✙✤✑✩✄
✙✠✼✘✄✕✠✛✖❙✪✬✙✬✑✘✄✛✓✫✘ ✂ ✌☎✂✎✠❀❖ ✙ ✑✬✠✾✦❑✿✌✢❅✑★☛✍✠✑✖✻✘✒✣☞☛✍✢✮✙✬✑✭✦☎✑❏✦✵✢ ✂✢✴✑✖✕✠✤✞●❂✖✑✟✠✒★❁★✭✠☞☛✍✦✔✦✛✠☎✄✛✣✧✙ ✑★☛✿✘✒✣☞☛✕✄❄✑ ✏ ✠ ✢❅✑☎☛✍✠✑✖✞✂✟✙✴✓ ✚✒✣☞✑✩✓✫✘✪✢❉✖✕✠✤✄




✙✬✑☎☛✸✚✓☛✜✚ ✢❅✦✛✠✒✑☎☛✍✢✼★✒✢✶✚✤✄ ✘✁✪✬✠ ✣ ✣✪✠✑✖✒☛✒✢✣☛✔✑✩✦✛✠☎✄✯✞❄■ ✿✩✘☞✑✛☛✣✖✕✠☎✄❖✣✪✙✬✑☎☛✿✘ ✣☞☛✕✄✭✑✠✏ ✠✿✄✖✠✒✂✆✼✩✓✱✠✑✖✻✘✪✢✱✠✵✑★☛✭✣✧✙ ✑✬★✒✙✗✖✏☛✍✠✑✖❖✣✪✠☞☛✱☛✍✠✲❖✪✙✬✑✛✠
✦❑✿✌✢❅✑☎☛✍✠✛✖✻✘✒✣☞☛✒✢✮✙✬✑ ✂✟✘✪✢✔✄✝✢✼✓ ✠✡✷✬✢ ✄✒☛✍✠✽✠✒✑✬✣✪✙✗✖✕✠❈✦✛✠★✄ ✘✒✂✆✼✬✢★✠✤✑ ❈✴☛✜✚✤✄✟✠✒✑☎☛✣✖✕✠✽✢❅✑☎☛✣✖ ✘✽✠☞☛ ✢✼✑★☛✍✠✑✖✎✂✟✙✬✓❬✚ ✣☞✑❑✓✩✘✪✢✜✖ ✠ ✚✬✙✤✑✢✖✭✣✪✠✤✄




✏✾✑ ✪✵✙✚✢✣☛ ✼✬✢✱✠✒✑ ✢ ✣ ✢ ☛✍✙✳✑✶☛✍✠✏✓❉✘ ✣✪✙✔✂ ✚✴✓✶✚☎✂✝✠✵✑★☛✿✘✑✖✕✢✣☛✜✚ ✤☎✑✥✠ ✚✬✠☞✑✬✪✵✠✒✑☎☛ ✘▲✪✬✙✚✢✜✖ ✓✫✘ ✥✹✁ ✗ ✠☞☛❱✓✩✘
✖✻✘✒✦✛✢✮✙✔✣✑✖✭✢✔✄✏☛✿✘✒✓❅✓✮✙ ✠✗✖✻✘✑✚ ☛✛✢✱✠✤✞ ❂✻✑ ✠✵★❁★✍✠☞☛✍✦❑✓❙✿✴✑✩✑✛✠✜✠☞☛✛✓❁✿✩✘☞✑✛☛✣✖✕✠✸✄✖✙ ✑★☛✹✄✏✑✩✄ ✣✪✠✑✚✤☛✒✢ ✼✔✓✱✠☎✄●✦❊✿✫✘✛✚✗✚✬✙✪✖✔☛✍✠✑✖ ✑✔✑❏✣✪✠✑✖✏☛✿✘✼✢❅✑ ✑✳✙ ✂✆✼✗✖ ✠
✦❑✿✌✢❅✑✬★✒✙✗✖ ✂ ✘☞☛✍✢✮✙✬✑✚✄✹✄✏☛✣✖✒✑✩✣☞☛✔✑✗✖✻✘✒✓✮✠★✄✻✤☎✑✥✢ ✚✘✠☞✑✔✪✬✠✒✑★☛ ✄✕✠❲✣✪✙✬✑❍★✒✢❉✖ ✂ ✠✑✖❈✙✤✑✽✄✕✠❲✣✪✙✍✂ ✚✔✓❬✚✯☛✍✠✑✖✯✞✆✟ ✘❀✥✹✁ ✗ ✦✤✙✬✑❍✑✬✠✆✘✒✣✒✣✸✴✳✄✍✌
✓❁✿✍✚☞☛✔✑✩✦✛✠❲✦✛✠✫✓✩✘✫✦ ✳✬✑✢✘☎✂✝✢❬✤☎✑✥✠▼✦✛✠✸✓✩✘✠✂ ✘✒✣✛✖✕✙✔✂✟✙✴✓ ✚✒✣☞✑✩✓✌✠ ✠☞☛ ✚✬✠☞✑✛☛ ✚✬✠✑✖✌✂✟✠✯☛✔☛✣✖✕✠ ✓❁✿✶✚☞☛✔✑✩✦✛✠❲✦❑✿✌✢❅✑☎☛✍✠✑✖✻✘ ✣☞☛✭✢✻✙ ✑ ✘ ✪✵✠✒✣❋✦✛✠✤✄
✚✢✘✑✖✏☛✍✠❀✑✗✘✪✢✜✖✕✠☎✄ ✚✔☛ ✳✥✄✕✢✮✙✴✓✮✙ ✠✬✢❬✤☎✑✥✠✤✄✓✞✴✹✾✿✱✠✤✄✏☛✲✑✔✑✛✠ ☛✍✠✒✣☞☛✬✑✛✢✶✤☎✑✥✠❋✤ ✑✘✢▼✚✬✠✛✖ ✂✝✠☞☛✛✓❁✿✶✚☞☛✔✑✩✦✛✠❋✦✛✠❋✓❉✘ ✚✗✖ ✙☎☛✜✚✼✢❅✑✬✠❋✦❑✿✌✢❅✑☎☛✜✚✑✖ ✌☞☛ ✠✁✑







✦✻✓❁✿✌✙ ✼✤☛✍✠✁✑★☛✭✢✮✙✬✑ ✦❑✿✻✑✩✑✬✠✽✄✏☛✣✖✏✑✩✣☞☛✔✑✢✖ ✠ ✙✳✑✬✪ ✖✕✠❳✓❉✘ ✚✬✙✪✖✒☛✍✠ ✌ ✦❑✿❬✚▲✪✥✠✵✑★☛✔✑✥✠✒✓✼✓✱✠✤✄
✚☞☛✔✑✩✦✛✠☎✄ ☛✍✠✒✓❅✓✱✠☎✄✭✤☎✑✥✠❈✓❁✿✌✢✶✦✚✠✒✑★☛✒✢✼★✍✢❬✣P✘☞☛✭✢✻✙ ✑❭✦✛✠✳✄✭✓✮✢★✠✢✘✒✑✬✦✘✄✭✦☎✑ ✣✪✠❀✑☎☛✣✖✕✠   ☞✫✠✲☞
✞
✁✷✞ ✏✾✑✙✚✬✠☞✑✛☛ ✘☞✑✩✄ ✄✕✢✹✠✒✑❍✪✬✢✔✄✻✘✡✠✥✠✑✖✭✦✛✠✤✄
✚☞☛✔✑✩✦✛✠☎✄✧✦❑✿✌✢❅✑☎☛✍✠✑✖✻✘ ✣☞☛✭✢✻✙ ✑✬✄ ✦✚✠✄✓✩✘✙✚✗✖✕✙✤☛✜✚✼✢❅✑✛✠ ✘ ✪✵✠✒✣ ✑✩✑✬✠✙✚✗✖✷✙☎☛✜✚✰✢✼✑✳✠ ✣✪✢ ✼✔✓✱✠✤✞✾✹ ✠✑✚✬✠✒✑✬✦✗✘✒✑★☛ ✣✧✠✒✣✪✢❋✑✔✚✒✣✪✠✤✄✷✄✕✢ ☛✍✠✄✦✚✠
✼✔✚✒✑❆✚✵★✍✢❬✣✪✢✱✠✑✖✛✦❑✿✴✑❑✑❖✚✒✣☎☛ ✘✵✑★☛✭✢❅✓✶✓✮✙ ✑✸✦✚✠ ✚✗✖✕✙☎☛✜✚✰✢✼✑✳✠ ✖✕✠✒✣✪✙✬✑✘✄✏☛✍✢✣☛✔✑✩✚✪✠ ☛✳✙✔✂✟✙ ✠✜✴✁✑✛✠✆✘☞✑❏✑✛✢ ✪✥✠P✘☞✑❏✦✛✠ ✄✕✙✬✑✭✣★✠✵✑★☛✣✖✕✠   ☞✫✠✗☞
✞
✁✭✦
✣✪✠❈✤☎✑✥✢✡✠☎✄✏☛ ✑✔✑✳✠❈✦✛✠✤✄ ✚✗✖✕✢❅✑✔✣✪✢ ✚✢✘✒✓✱✠☎✄✸✦✵✢✶★✡★✏✢✶✣✼✑✩✓✣☛✜✚☎✄✭✦✛✠✆✣✪✠★✄ ✄✁✳✘✄✏☛✵✴☎✂✟✠✤✄✸✤☎✑✘✢✄✚✢✘✑✖✟✠★✄✯✄✕✠✒✑✬✣✪✠❆✄✖✙ ✑★☛❲★❙✓✱✠✡✷✬✢ ✼❑✓✱✠✤✄✟✠☞☛
✣✓✘✑✚✢✘✪✼✔✓✱✠☎✄✖✦✬✠✫★✝✘✪✼ ✖✺✢ ✤☎✑✥✠✑✖✻✦✛✢❬★✜★✡✚✑✖ ✠✵✑★☛✕✄✲☛✭✳✏✚✬✠✤✄✖✦✛✠❋✣✪✠✒✑★☛✣✖✕✠☎✄   ☞✫✠✲☞
✞
✁✛✣✪✙✍✂✎✂✎✠▼✦✬✚✒✣✑✖✕✢✣☛✛✦✗✘✒✑✘✄✖✓✌✠❲✣☎☛✢✘✑✚✬✢✣☛✣✖✕✠✞☎✯✞ ✞❇✙✳✑ ✖
✣✪✙✬✑✬✣✒✓✣✑✢✖✕✠❘✑✛✙✤✑✩✄ ✚✗✖✥✚☎✄✖✠✵✑★☛✍✙ ✑✬✄ ✑✳✙✳☛✣✖ ✠ ✚✗✖✍✙☎☛✜✚✼✢❅✑✛✠ ✠✒✑ ✠☎✄✝✚✩✚✑✖✻✘✁✑★☛✍✚✬✙✤✑✬✪✬✙✛✢✜✖ ✣✪✙✔✂ ✚✴✓✶✚☞☛✍✠✑✖ ✓✮✠✤✄❆✢❅✑✬★✒✙✗✖✞✂✟✘✯☛✭✢✮✙✬✑✘✄
✂ ✘✒✑✬✤☎✑❑✘✒✑☎☛✍✠☎✄✁ 
✢★✠✸☛ ✛P  ✠☞✛✖☛✍✌✏✕★✵ ✛✥  ❃ ✂☎ ✑✂❄❃✺✻✝☛✍✌✜✕✖✌✱✢✤✛✄✂❁❀ ✂ ✸☎✠✓✌✒ ☎✛❚✌❁✆❚✄✵☛✆☎✥❊✧✾
✢✖✌✻ ✍✂☎ ✟✕✖✌❁✆❚✄✝☛ ✠✓✞✗✌ ✢✁  ☎ ✕☎✌❇❉✑✮ ✬✄✂ ✂✳●✏✬✻✺✟✙☎✂✴✙✤✛✁✛✆☎✝✆✳❋✳✺
☞▲❃✠✝
✞☎☞✠✟☛✡✌☞✎✍ ☞ ✆☎✄✝✡✣✟ ✞ ☞
✏✒✑✔✓✖✕✘✗ ✙✛✚✔✜✣✢✥✤✧✦✩★✫✪✛✤✭✬✯✮✰✦✱✮✳✲✴✲✶✵✸✷✳✹✺✬




✏ ✥ ✡ ✠☎✄✏☛✫❀✩✘
✾✓✘✑✖ ✘✧✾☞☛▲❇✑✖✭✢✱✄✱✘☞☛✒✢✮✙❏✼ ✄✒☛✣✖✏✑❈✾☞☛✔✑✗✖ ✘✴❀✮✠✯❃✛✠ ✄✖✙▼✼ ✄✕✢✣☛✍✠ ✘✧✾☞☛✍✢❂❁✕✞ ❂✭✼ ✠✧❁◆❁✍✠☞☛✍✦ ✙✳✑✶☛✣✖✕✠❖❀ ✝ ✢❂✼☎☛▲❇✑✖ ✌☞☛✱P☎✑✥✠ ✖✕✠✛✚✗✖✸❇☎✄✕✠✁✼☎☛✍✠◗❀✩✘
❃❏❇☞☛✍✠✑✖ ✂✸✢❂✼✢✘☞☛✍✢✮✙❏✼❘❃✛✠❙❀✩✘✿✄✏☛✣✖✒✑❈✾✓☛✔✑✢✖✕✠❊❃✛✠❊✾✪✠ ☛❆■✏✚✬✠❊❃✬✠✿✄◆■✥✄✏☛▲❚☎✂✟✠ ✚✢✘✛✖✻✘☎✂✟✘✁❯☎✼✿❇☞☛✭✢❱P☎✑✥✠✪✦ ✙❏✼ ✠✤✄✝✚❲❚✑✖✕✠ ✘✪✢❂❃✚✠✛✖✳❳❊❀✁✘
✾✪✙✍✂ ✚✗✖✸❇☎☛✛✠✧✼✘✄✕✢✮✙❏✼❨❃☎✑ ✂❩❇❬✾P✘❭✼✛✢✔✄✞✂✝✠✳✾P✘☞☛✿✘✧❀❱■★☛✍✢❪P☎✑✥✠✤✚✢✘✛✖❫❀❆❅✁✘✧✼✢✘✧❀❱■✥✄ ✠❃✥ ✁❊❉❴❃✚✠✎✂❂✑✛☛✿✘✁✼☎☛✕✄❵❃✛✢✜✖✕✢✽❯❲❇✤✄❵❃✛✠✳❀✩✘
✞
✏ ✥ ✦
✚✬✙✗✖ ☛✿✘✴✼★☛✲✄✏✑✢✖❛❃✛✠★✄ ✖✸❇☎✄✕✢❂❃☎✑✫✄❛❃☎✑ ✄✕✢✣☛✍✠✞✘✧✾✯☛✭✢❂❁✕✞✧❜❝❅✁✘✯✑✛☛✣✖✕✠ ✚✢✘✑✖✔☛✒✦❲✾✪✠ ✂❞❇✧✾✕✘❭✼✛✢✔✄✞✂✝✠❡❁✝✘✪✢✣☛❇✢✽✼★☛✍✠✑✖❣❢✵✠❭✼✛✢❉✖❅✑❲✼ ✚✗✖ ✙☎✾✪✠★✄✷✄✏✑✫✄❛❃✛✠
✚✗✖✕✙☎☛ ✙▼✼ ✘☞☛✒✢✮✙❏✼ ✚✬✙✤✑✢✖❛❀✮✠✧P☎✑✾✠❭❀❈❀✌✠✺❃✛✙▼✼❏✼✳✠☞✑✢✖✌❃✛✠✞✚✗✖✕✙☎☛ ✙▼✼✛✼❤❅✱✠✳✄✒☛ ✚✢✘☎✄✐✾✪✙❏✼❏✼☎✑✫✞
✡
✢❂✼✘✄✕✢❤❃✛✠✤✄ ✠✴● ✚❲❇✑✖✕✢✌✠✧✼✿✾✪✠✤✄❆✥✹✁❥❉❦❃✛✠
❃❏❇✑✚✬✠✴✼✿❃ ✘✧✼✿✾✪✠ ✠✧✼ ✚❍❧ ❃✛✠♠❢ ✖✻✘✪✢✣☛❥✼✛✙✤✑✩✄ ✚✬✠✑✖✞✂✟✠☞☛✔☛ ✖✕✠♥❃♦❅✌✢❂❃✬✠✴✼★☛✭✢❂❁✭✢✱✠✑✖❘❀✮✠ ✖✸❇☎✄✕✢❪❃☎✑❴❃✛✙❏✼❍✼✛✠✯✑✢✖❘❃✛✠ ✚✗✖✕✙☎☛✒✙❏✼✘✞♣✻ ✠
✚✗✖✸❇✓✘✧❀❉✘✴q❲❀✱✠♣❳♣✾✧✠✳✄r❃✵✢❂❁◆❁▲❇✑✖✕✠✧✼★☛✍✠☎✄✭❇☞☛✔✑❈❃✛✠★✄✭❇✷☛✿✘✴✼☎☛✫☛✒✙✤✑✤☛✍✠✴❁✒✙✚✢✱✄✭❃❤❅✌✙❍q✤☛✍✠✴✼✛✢✮✖s❀✩✘✸✄✒☛✣✖✏✑❈✾☞☛✔✑✢✖✕✠✫❃✛✠✎❀❉✘✆✚✗✖✕✙✳☛▲❇✰✢✽✼✳✠✸✄✻✘✯✑☎❢❑✘✴❯✬✠✶✞
t
✠ ☛✣✖✻✘♠❢✢✘✪✢❂❀✞✘❊❇☞☛▲❇ ✠✧❁❆❁✭✠✧✾✯☛✔✑❈❇✉❃✗✘✁✼✘✄✜✑♦✼ ✚✗✖✕✠☎✂✟✢✱✠✑✖✜☛✍✠☎✂ ✚ ✄ ✠✴✼❘✾✪✙❲❀✽❀✩✘✴q✬✙✗✖✻✘☞☛✒✢✻✙▼✼ ✘✴❢✬✠✶✾✉❀✱✠❄❜✟✙❲✾☞☛✍✠☞✑✢✖✛✈✳✘✶✾✧P☎✑✥✠☎✄
✇











❀✌✢❪❇✪✠✤✄✐❳♣❀✩✘ ☛✿✘✪✢❂❀✄❀✱✠✫❃✚✠✎❀✩✘ ✚✗✖ ✙☎☛▲❇✼✢❂✼✛✠✜✠☞☛②❳❂✄✖✙▼✼③❇☞☛✿✘☞☛ ✚✢✘✑✖✻✘☞✂✦✘✧❯❏✼✿❇☞☛✭✢❱P☎✑✥✠✪✦▼✘☞✑❲●❲P☎✑✥✠✧❀✄❀✱✠✤✄ ✄④❅✁✘ ✞✕✙✤✑✛☛✍✠✎❀❉✘✞✚✗✖✸❇✤✄✕✠✧✼❏✾✪✠✺❃✚✠







✻ ✠ ✖✻✘✶❃✵✢❪✾✓✘✧❀ ✘❭✼✛✢✻✙☎✼❆✄✏✑✢✚✬✠✛✖✕✙✿●❏■▼❃✛✠✎✠✤✄✏☛❵❀✮✠✟✚✗✖ ✙☎❃☎✑✬✢✣☛ ☛✍✙✿●✳✢❂P☎✑✩✠❩❃✛✠✳❀✩✘✟✖✸❇✧❃☎✑❈✾☞☛✍✢✮✙❏✼ ✂✟✙☎✼✳✙☎❇✧❀✮✠❽✾☞☛✣✖✍✙▼✼✛✢❱P☎✑✩✠
❃✛✠❖❀❪❾ ✙❍●❏■❏❯❈❚✧✼✛✠ ✂✟✙☎❀❪❇✧✾✯✑♦❀✩✘✪✢❉✖✕✠✤✞✳❜✟✠✛✚✤✑✘✢✔✄❿❃✛✠☎✄ ✘✧✼❏✼❏❇✧✠✳✄✖✦✉❀✮✠ ✄✖✠☞✑♦❀ ✄◆■✘✄✒☛▲❚✒✂✝✠❖✾✧✙▼✼❏✼★✑➀❃☎❾ ❇✧❀✌✢ ✂✎✢❂✼✢✘☞☛✍✢✮✙▼✼❴❃✳✑
✄✏✑✢✚✬✠✛✖✕✙✿●❏■✿❃✛✠♥❇☞☛✿✘✪✢✣☛❥❀❉✘ ✄✒✑✢✚✬✠✑✖✕✙❍●❏■❲❃✛✠❿❃✵✢✔✄✞✂✜✑✛☛✿✘☎✄✕✠✧✦❝P☎✑✘✢❨✾✓✘☞☛✿✘✴❀✝■✥✄ ✠➁❀✫✘♥❃✛✢✔✄✞✂✜✑✛☛✿✘☞☛✒✢✮✙❏✼❖❃☎✑ ✖ ✘✧❃✵✢❪✾✓✘✧❀ ✘✧✼✛✢✮✙☎✼
✄✏✑✢✚✬✠✛✖✕✙✿●❏■✿❃✛✠ ✠❭✼ ✚✬✠✑✖✕✙❍●❏■❲❃✛✠❥❃❏❾ ☛❍■▼❃✏✖✕✙▼❯❲❚✁✼✛✠❆✠✯☛✝✠✴✼①❃✵✢✮✙❍●❏■❏❯❲❚✧✼✳✠  ✸➂➄➃➅➂ ✁ ✞ ☛✲✙✤✑✤☛✍✠✴❁✒✙✛✢✔✄✕✦ ✢✽❀✆✘❥❇☞☛▲❇ ✖➆❇✧✾✪✠☞✂✎✂✝✠✧✼☎☛
❃❏❇✧✾✪✙✤✑❏❢✬✠✛✖✏☛❛P☎✑✥✠✌✏ ☎▲➇➉➈ ✚✬✙✳✑❏❢✪✘ ✢ ☛❛➊☞☛✣✖✕✠✆✘☞✑✩✄ ✄✕✢♦❇✧❀✮✢✄✂✝✢✽✼❲❇✞✚✢✘✑✖☞✖✸❇✧❃☎✑❈✾☞☛✒✢✻✙▼✼✝✠✧✼✦✚✬✠✑✖✕✙❍●❏■❲❃✛✠✫❃☎❾ ☛❍■❲❃✏✖✕✙❏❯❲❚✴✼✛✠✧✦ ✖✸❇✓✘✧✾✯☛✒✢✮✙☎✼
✾✓✘☞☛✿✘✁❀❱■✥✄➋❇✪✠ ✚✢✘✑✖✭❀✩✘
✞





✦ ➂➍➃❣➎ ✦ ➂➄➃◆➃ ✦ ➂➄➃❣➏ ✁✷✞✧✈✕✑✩✄✸P☎✑❈❾ ❳ ✚✗✖✸❇☎✄✖✠✧✼☎☛✍✦☎☛✣✖✍✙✵✢✌✄②✾❭❀✩✘☎✄✯✄✖✠☎✄❛❃✛✠
✞
✏❀✥ ✙❏✼☎☛✥❇✷☛❆❇❡❃❏❇✧✾✑✖✕✢✣☛✍✠★✄✯✞
✢✖✌✻ ✍✂☎ ✟✕✖✌❁✆❚✄✝☛ ✠✓✞✗✌ ✢✁  ☎ ✕☎✌❇❉✑✮ ✬✄✂ ✂✳●✏✬✻✺✟✙☎✂✴✙✤✛✁✛✆☎✝✆✳❋✳✺
☞✁  ☎
✞
✏❀✥❦❃✛✠❝✾✧❀✩✘✤✄✷✄ ✠✟☎ ✘ ❀✮✠✤✄
✞
✏ ✥ ✄✫❃✛✠✄✂ ✍ ✆ ✒ ✡ ☎✠✖✝✆ ✞ ✒
☞
✞✗✖✟✞✎✍ ✆✛✒ ✡ ☎✗✒
☞
✞ ✄ ✟✠✔ ✆✝✠☞☛✠✂ ✍ ✆✳✒ ✡ ☎✠✖ ✟
☞





✏ ✥✘❃✛✠❝✾✧❀✩✘☎✄✯✄✖✠ ☎   ☞ ☎✡  ✁✷✞☎✻ ✠☞✑✢✖ ✄✒☛✣✖✏✑❈✾✷☛✔✑✢✖✕✠ ☛✣✖✭✢❂❃✛✢✡✂✝✠✧✼✘✄✕✢✮✙☎✼❏✼✳✠✧❀✄❀✱✠☞☛ ☞✫✢❂❯✤✑✢✖✕✠ ☞✁✌✆✘





✞✎✍ ✆✳✒ ✡ ☎✗✒
☞
✞ ✄ ✟✠✔ ✆   ☞ ☎✑✏ ✁✜✠✷☛✺❃✛✠ ☞✪✞ ☞ ☎ ✆ ✚✬✙✤✑✗✖♣❀❅✘
✞





☛✛✙ ✂✟✙☎❃✛✢✑✂❩❚✑✖✕✠✒❃✛✠ ✂ ✘✤✄✷✄✕✠ ✂✟✙☎❀❪❇✧✾☞✑❈❀✩✘✪✢✜✖ ✠✒❃✛✠✖ ♥● ☞ ✝ ✍❍❜✤✘✤✞❫✻ ✠ ✂✟✙☎✼✛✙ ✂✛❚✑✖✕✠ ✠★✄✏☛ ✙✗✖◆❯✢✘✴✼✛✢✔✄✸❇ ✠✧✼ ❃✚✠☞✑❲●
❃✛✙✍✂✦✘✪✢✽✼✬✠✤✄✖✦ ✘✑✚✗✚✬✠✧❀❪❇☎✄❛✾✧✠❭✼★☛✣✖✕✠ ☎❈✠☞☛✥✾✪✠✴✼★☛✣✖✕✠ ☎✣☎✕✦☎✾✟☛✗✘✧✾☞✑❈✼✦✘✴❢✬✠❽✾✗✑❲✼✛✾★✠✧✼☎☛✣✖ ✠❡❳❫❁✒✠✑✖ ✂❂✙☎✼✛✙❏✼☎✑❈✾✧❀❪❇✓✘✪✢❉✖✕✠✤✞✧✻ ✠✎✾✪✠✧✼★☛✣✖✕✠ ☎
✾✪✙❏✼☎☛✒✢✮✠✧✼★☛✲✑❲✼❝❁✒✠✑✖✭❁✭✠✑✖✿✖✺✢❱P☎✑✥✠♣❃✛✠ ☛❆■✏✚✬✠✆✖✏✑❏q✗✖✸❇✶❃✛✙✿●✬✢❂✼✬✠♣❃✛✢✔✄✏☛✍✙✗✖◆❃☎✑❨✾✪✙✛✙✗✖✸❃✤✢✝✼❲❇✆✚✢✘✑✖✭P☎✑❑✘☞☛✣✖✕✠✺✾♠■✬✄✏☛▲❇✪✢❂✼✛✠✤✄✯✞❍✻ ✠♣✾✪✠✧✼★☛✣✖✕✠
☎✝☎✆✚✛✙✘✄✷✄➆❚✧❃✛✠ ✑❲✼❥❁✒✠✑✖♣❁✍✠✑✖✝✖✕✠✯✑❏● ✘✴❢✵✠✧✾ ✑❈✼✛✠ ✾✪✙✬✙✪✖➆❃✤✢✝✼✢✘☞☛✒✢✮✙❏✼✙✚❏■★✖✻✘☎✂✎✢❪❃✗✘✧❀✌✠ ❳✳q❑✘☎✄✕✠ ✾✓✘✑✖✝✖➆❇✪✠✪✦ ✙
✁
P☎✑❑✘✷☛✁✖✕✠ ✘☎❖★✙☎☛✍✠★✄
❃❏❾ ☛✛✢✔✄✒☛✭✢❂❃✛✢❂✼✬✠✤✄ ✄✕✙❏✼☎☛✐❀✱✠☎✄✭❀✌✢❂❯✢✘✧✼❏❃✘✄✭❇✶P☎✑❑✘☞☛✍✙✪✖✍✢❉✘☞✑❲● ✠☞☛✐❀✱✠✸✄✕✙✤✑♦❁✣✖✕✠♣❃❏❾ ✑❈✼✛✠✛✾✴■✘✄✒☛▲❇ ✢❂✼✳✠✪✦ ❀✱✠♣❀✌✢❂❯✢✘✧✼❏❃ ✘✴●✬✢✫✘✧❀   ☞ ☎✑✏ ✁✷✞❍✻ ✠✤✄
❇☞☛✔✑❈❃✛✠☎✄❵❃✛✠ ✖✸❇P✘✧✾☞☛✒✢➉❢✬✢✣☛▲❇✦✘✴❢✥✠✧✾✆✏






































✠☎✄ ✠✧✼★❯✧■ ✂✝✠✤✄❈✢ ✄✖✙☎❀❪❇☎✄✐✾☎☛✛✠✬❯✳✂
✠















✌✽✐ ✞ ✞ ✘✛✖❡✾✪✙❏✼✪☛✣✖✕✠✪✦✲✠✴❀❂❀✱✠☎✄❡✼✬✠





































❳✙❜✶❜✶❱ ✞✢✒★❡ ☛  ♣● ☞ ✝✆✍❍❜✤✘✬✌ ✖✕✠✑✚✗✖➆❇☎✄✕✠✴✼★☛✍✠ ❀✻✠☎✄
❚
✏ ✍
❃✛✠❊✾✧❀❉✘✤✄✷✄✕✠✍☎✝☎✞✝✂✠❭❀❪❀✱✠✉✼✛✠✍✚✬✙✘✄✷✄➆❚✧❃✛✠❊P☎✑☛❅✻✑❈✼ ✄ ✠☞✑❈❀❫✾★✠✧✼☎☛✣✖ ✠⑧❳✉❁✒✠✑✖❩❀✮✙❲✾✓✘✧❀ ✢✔✄➋❇❊❃✗✘✧✼✚✄❩❀✱✠✉❃✛✙ ✂✦✘✪✢✽✼✬✠
t
➌ ☛✍✠✑✖ ✂✸✢❂✼✢✘❽❀
















✰✠✴   ☎ ✾✌☞✎✍✑✏✩❁






❃✛✙✍✂✦✘✪✢✽✼✬✠✒❉❩➌ ☛✍✠✑✖ ✂✸✢❂✼✢✘✧❀✒✞❞❜③❅✩✘☞✑✛☛✣✖✕✠ ✚✢✘✑✖✔☛ ✾☞☛✛✠✬❯ ❀✮✠☎✄
❚
✏ ✍ ✄ ❃✛✠♥✾❭❀❅✘✳✄ ✄✕✠✤✄❘❃✛✠☞✑❲● ✢❂❀✽✠✴●✬✢✔✄✏☛✍✠❃✑❲✼✳✠ q✬✙✤✑❈✾❭❀✱✠
✄✏✑✢✚✗✚❲❀❪❇☎✂✎✠✧✼★☛✿✘ ✢✮✖✕✠✛❃✛✠  ✄✒ ✘✧✾✪✢❂❃✛✠✤✄✡✘☎✂✎✢❂✼❲❇☎✄❵❃✗✘✧✼✘✄❵❀✌✠✛❃✛✙✍✂ ✘ ✢❂✼✬✠
t





✏✎✍✜✄r❃✛✠♣✾✧❀✩✘☎✄✯✄✕✠ ☎✡✄✕✙❏✼☎☛❛❃✛✠★✄✭❃✛✢✡✂❩❚✑✖ ✠✳✄ ✘✧❀✮✙✪✖ ✄✭P☎✑✥✠♣✾✪✠✧❀❂❀✱✠✤✄✭❃✛✠♣✾✧❀✩✘✤✄✷✄✕✠✺❃✛✠☞✑♦●
✄✕✙❏✼☎☛❑❃✛✠☎✄✡☛▲❇☞☛✁✖✻✘✟✂✛❚✑✖✕✠✤✄✦❢ ☞ ☎ ✂✝✐ ✞✖✕ ✑❑✘✴✼☎☛❑❳❝❀✩✘
❚
✏ ✍❦❃✛✠ ☛✹✞ ✚✢✘✧❀❂❀✌✢❪❃☎✑ ✂ ✾❏❅✱✠✤✄✏☛✹✑❲✼❊❃✛✢✄✂❩❚✑✖✕✠✤✞✠✗✯✾✕✘☞✑✩✄✖✠❄❃✛✠❝✾✧✠✵✄
❃✛✢✽❁❆❁▲❇✑✖✕✠✧✼❏✾★✠☎✄✡✠✧✼☎☛✣✖ ✠✣❀✮✠☎✄❵❃✛✢✄❁❆❁▲❇✑✖✕✠✧✼☎☛✍✠☎✄❵✾✧❀✩✘✤✄✷✄✖✠✳✄❵❃✛✠
❚
✏✎✍ ✦✫✙❍✼ ✚✬✙✳✑❏❢✪✘✪✢✣☛✭❀❪❇✴❯✬✢✣☛✭✢✑✂✝✠☎✂✝✠❭✼★☛ ✄✖✠✛❃✛✠✒✂ ✘✧✼❏❃✛✠✛✖ ✄✕✢✱✦✫✠❬✼
✾✪✙❏✼✚✄➆❇✧P☎✑✥✠✧✼❏✾✪✠✪✦ ✢✽❀❂✠✶●✬✢✔✄✒☛✿✘ ✢ ☛❝❃✛✠★✄ ❃✵✢❂❁❆❁◆❇✛✖✕✠✧✼❏✾★✠☎✄✽✄✒☛✣✖✏✑❈✾☞☛✔✑✢✖✻✘ ❀✱✠✳✄✓✞ ☎▲❀✸✄✖✠✒✂♣q❈❀✩✘ ✢ ☛❝❃✛✙❏✼❏✾✙✚✬✠✛✖✏☛✒✢❂✼✛✠✧✼☎☛③❃✛✠✉❢✬✙✤✑❈❀✮✙✚✢✜✖




❳✙❜❝❜✶❱ ✞✢✒★❡✟✦ ✄✒☛✁✖✏✑❈✾✷☛✔✑✢✖✕✠✳P☎✑✬✢✥✚▼✘✛✖✞✘✪✢❂❀✄❀✱✠☞✑✢✖✯✄ ✚✬✙✤✑❏❢✢✘✪✢✣☛
✘✑✚✗✚✬✙✗✖ ☛✍✠✛✖ ✑❲✼✛✠✞✘✪✢❂❃✛✠❡❳❡❀❉✘❡✾✪✙ ✂ ✚✗✖✸❇☎☛✛✠✧✼✚✄✕✢✻✙☎✼✛❃☎✑ ✂❞❇✧✾✕✘❭✼✛✢✔✄✞✂✝✠ ✖✸❇✓✘✶✾☞☛✭✢✻✙▼✼❏✼✳✠❭❀ ✞





✒r❳✝❳✝❭▲❨❴❱✶❱ ✙▼✼★☛ ✘✑✚✗✚✬✙✏✖✔☛❆❇✔❃✛✠☎✄ ✢❂✼❏❁✒✙✪✖✞✂ ✘☞☛✍✢✮✙❏✼✚✄ ❃☎❇☞☛✍✠✛✖✌✂✟✢✽✼✢✘✧✼★☛✍✠☎✄ ✄✒✑✢✖♥❀✔✠
❁✒✙☎✼✿✾☞☛✭✢✻✙▼✼❏✼✳✠✒✂✝✠✧✼☎☛❞❃✛✠☎✄❩✾✪✠★✄✝✠❭✼✑❯✧■ ✂✎✠✤✄✖✦ ❢◆➂✄➏✛✚✕✦❡➂✄➏ ➂✔✦✫➂✄➏✢✜✕✦❡➂✄➏
✁
✦✎➂✄➏◆➎✖✦ ➂❪➏✸➃✷✐✷✞☞☎◆❀✡✠✳✄✒☛ ✂✤✘ ✢❂✼★☛✍✠❭✼ ✘✧✼☎☛✺❯❲❇✴✼❲❇✑✖✻✘✧❀✮✠☞✂❂✠✴✼✪☛
✘✧❃✍✂✟✢ ✄❵P☎✑✥✠♣❀✩✘ ✖✸❇P✘❬✾✯☛✒✢✮✙▼✼③❃✚✠ ✏
✜✤✣
➈ ✘✴❢✥✠✧✾♣❀✌✠♣❁✍✠✑✖✭❁✭✠✛✖✝✖✕✠☞✑❏●❨❃✤✑❨✾✪✠✧✼☎☛✣✖✕✠✆☎✝☎ ✄✕✠♣❁✣✘✪✢✣☛❛❢✬✢✩✘ ✑♦✼ ✂❩❇✧✾✕✘✧✼✛✢✔✄✞✂✝✠ ✄✿✚✔☛✿❚✑✖✕✠











❁✒✙✗✖ ✂❂✠✑✖ ✑❈✼✟✚✗✖ ✠✒✂✟✢✱✠✑✖ ✢❂✼★☛✍✠✑✖✞✂✳❇✶❃✵✢✩✘✪✢❉✖✕✠✤✞
t
✠✧❀✴✑✘✢❪➌◆✾✪✢✩✠✤✄✏☛ ✚✗✖✕✙✗✚✛✙✘✄✸❇✫✾✪✙ ✂✎✂✝✠♣❇☞☛✿✘✁✼☎☛❅✑❲✼❩❁✭✠✛✖✸➌❍✚✬✠✑✖✕✙❍●✬✙ ☛✱❤✫✠
✁
✚④➌☛✏ ✏ ➈ ✌✯✞











❁✒✙✗✖ ✂✤✘☞☛✭✢✻✙▼✼❨❃☎❾ ✑❈✼❆✄✕✠❽✾✪✙❏✼❏❃✽✢❂✼☎☛✍✠✛✖ ✂❩❇✧❃✛✢✩✘✪✢✜✖✕✠✟✖✸❇✓✘✶✾☞☛✭✢✻✙▼✼❏✼✳✠❭❀✳❢ ☞✢✏✄✂✬✦☛☞✢✏✆☎✑✐✭✦ ✑❲✼⑧❁✒✠✛✖✸➌ ☛❍■❲❃✏✖ ✙✪✚✬✠✑✖ ✙✿●✵✙ ☛✱❤✫✠
✁
✚④➌☛✏ ✏❫❧✛✌✭✦






✠✑✚✬✠✧✼❏❃✗✘✧✼☎☛✍✦✠❀❉✘ ✾✪✢✽✼❲❇✯☛✒✢❂P☎✑✩✠❝❃✛✠❝✾✧✠☞☛✔☛✍✠❝❃✛✠✑✖◆✼✛✢❂❚✛✖✕✠❝❇☞☛✿✘✑✚✬✠❝❃☎✑ ✂✛❇✧✾✓✘✧✼✛✢✔✄✝✂✝✠✟✖✸❇P✘✧✾☞☛✍✢✮✙▼✼❏✼✳✠✧❀✌✼❲❾ ✠✳✄✒☛ ☛✒✙✤✑✞✝✕✙✤✑✢✖✷✄✞✚✢✘✤✄
✾✪✙❏✼❍✼★✑✥✠ ❢ ☞✢✏ ☞✰✦ ☞✢✏★ ✬✦ ☞✢✏✆☎✑✐✷✞☎✞ ✘✛✖ ✘✪✢❂❀❂❀✱✠✧✑✢✖ ✄❵❃☎❾ ✘☞✑✛☛✣✖✕✠★✄✭❯✗✖✕✙✳✑ ✚✬✠☎✄ ✚✗✖✕✙✗✚✬✙✾✄✖✠✴✼☎☛rP☎✑✥✠✣❀✻✠ ✚✗✖✕✠☎✂✟✢✱✠✑✖ ✢❂✼☎☛✍✠✛✖ ✂❩❇✧❃✛✢✩✘✪✢ ✖ ✠
✾✪✙❏✼❏❃☎✑✥✢✣☛③❃✵✢✮✖✕✠✧✾☞☛✍✠☎✂✟✠✧✼☎☛③❳✰❀❉✘✰❁✒✙✪✖✞✂✦✘☞☛✍✢✮✙❏✼✱❃✛✠☎✄ ✚✗✖ ✙☎❃☎✑✥✢✣☛✕✄ ❁✏✢❂✼✢✘☞✑❲● ✄ ✘❭✼✘✄ ✚✢✘☎✄✯✄✕✠✑✖ ✚✢✘✛✖❄❀❉✘✰❁✒✙✗✖ ✂✤✘☞☛✭✢✻✙▼✼✱❃❲❾ ✑❤✼










✰❆✰✺❅ ✴   ☎









❳✙❜✶❜✶❱ ✞✢✒★❡ ✠☞☛❩❃✛✠ ✂
✠
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❀☛❃✛✠ ✚❍❧ ❇✴❯✢✘✧❀☛❳  ✘✞✺✏✘✞
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❃✛✠ ✖✸❇★✄✕✙❏✼✗✘✴✼✿✾☎✠✺❃✛✠❞❀❪❾ ✠✓✘☞✑✥✦❤❁✏✢✝●❈❇♣❳ ✂✬✦ ✡☛☎✦✚✗✚✍✂ ❳   ✂✆✡✌☞✝✞❍✻ ✠☎✄✹✠♠● ✚♦❇✛✖✺✢✻✠❭✼✿✾★✠☎✄✭❃✛✢✣☛✍✠ ✚✍☛ ✘✳✄✖✠✸✄✕✠✧✼✘✄✕✢✣☛✍✢✝❢✬✠ ☛ ✏
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☎
❢◆➂✄➏■✔✽✐ ✠✷☛ ❉ ✏ ✓
❚
☎ ❢❣➂❪➏✽❵✷✐❈✙▼✼★☛✐❇✓☛▲❇✜✠✁✼✏✖✕✠✴❯✬✢✔✄✏☛✣✖✸❇✧✠☎✄✭❳   ✂✆✡✍☞ ✠✧✼ ✂ ✙❲❃✛✠ ✘♠q✥✄✕✙✗✖✝✚☎☛✒✢✮✙❏✼✟✚✤✑✢✖✒❢ ➂❪➏✢✦✽✐✷✞❍✻ ✘♣❃☎✑✢✖✸❇✧✠♣❃✤✢✣☛✒✠
❃✛✠✏✎✷✄✿✚ ✢❂✼⑧❀✻✙☎✾✎✍✑✎ ✘☞✑❥✾✪✙✤✑✢✖✷✄❑❃✛✠☎✄ ✠ ●✗✚❲❇✑✖✕✢✱✠✧✼❏✾✪✠☎✄ ☛ ✏
t ❚
☎✔❇☞☛✿✘✼✢✣☛❵❃✛✠ ✘ ✒ ✂✎✄ ✠☞☛✭❀✮✠✤✄✹☛✍✠☞✂ ✚✩✄❡❃✛✠✒✎ ✂✟✢✝●✥✢✽✼❏❯✑✎ ✘✧✑
✾✪✙✤✑✢✖✷✄❛❃✛✠☎✄ ✠✶● ✚❲❇✑✖✕✢✱✠❭✼✿✾✪✠✤✄❤❉✙✏ ✓
❚
☎ ✄ ✠ ✄✕✢✣☛✔✑❑✘✪✢✱✠✧✼☎☛✥❃✗✘✧✼✚✄✲✑♦✼✳✠ ✚❲❀✩✘✴❯✬✠❡❃✛✠ ✘ ✒✣❳ ☞✁ ✄✒ ✂ ✄✓✞❬✻ ✠☎✄✐❃✛✙▼✼❏✼✿❇✪✠☎✄ ✍ ✁❶❉




✚✢✘✓✖✸✾ ✘♠❢✥✠✧✾✉❀✱✠❊❀✮✙▼❯✬✢❪✾✪✢✌✠✧❀ ✡ ✘✑✖✕✢✩✘❭✼✳✦ ✠✧✼❆✑✛☛✍✢✽❀✱✢✔✄✻✘✧✼☎☛✛❀✱✠✤✄
✚✗✖✕✙❲✾✧❇✧❃☎✑✢✖✕✠★✄✌✾✁❀❉✘✤✄✷✄✕✢❪P☎✑✥✠✤✄✌❃✛✠✫❁✏✢❪❀✣☛✣✖✻✘✴❯✬✠✫❃☎✑✽✄✕✢✝❯❲✼✗✘✧❀▼✖➆❇☎✄✕✢❪❃☎✑✥✠❭❀☛❃✛✠❡❀❪❾ ✠✓✘☞✑✥✦❈❃❏❾ ✘☎✂❩❇✧❀✌✢✮✙✗✖✻✘☞☛✍✢✮✙❏✼❩❃✛✠✎❀❉✘✞✖✸❇☎✄✕✙❲❀✣✑✛☛✭✢✻✙▼✼✳✦✘✠☞☛













✻r❾ ✘❭✼ ✘✧❀✽■✘✄✖✠ ❃✛✠☎✄ ✠✴●✗✚❲❇✑✖✕✢✱✠✧✼❏✾✪✠✤✄ ✑❈✼✛✠ ❃✵✢ ✂✎✠✧✼✘✄✕✢✮✙❲✼ ➂✄❧ ❃✗✘✧✼✬✄ ❜
✜
✏ ✂✟✙☎✼★☛✣✖✕✠ ✑❲✼ ✄✿✚✬✠✧✾☞☛✣✖✕✠
✾✓✘✑✖ ✘✧✾☞☛▲❇✑✖✭✢✱✄✏☛✍✢❂P☎✑✥✠✎❃♦❅✴✑❈✼✛✠✞✚✗✖✕✙☎☛▲❇✼✢❂✼✛✠ ✚❑✘✑✖✻✘☎✂ ✘✴❯❲✼❏❇☞☛✍✢❂P☎✑✥✠✤✞ ✓✌✼✝✠✧❁❆❁✭✠☞☛✍✦✛✙❏✼ ✚✬✠☞✑✛☛❇✙❍q✘✄✖✠✑✖❣❢✬✠✛✖✕✦✾✄✒✑✢✖ ❀✩✘✎❤✫✢✝❯✤✑✢✖✕✠ ✂❑✘✪✦✳✑❈✼
✾✪✠✑✖✒☛✿✘✼✢❂✼✩✼✳✙✔✂♣q✗✖✕✠✱❃✛✠ ✄◆■✥✄✏☛▲❚☎✂✟✠✤✄❥❃✛✠ ✄✿✚ ✢❂✼✘❃❏❇✑✚❲❀✫✘✶✾✧❇✤✄✰❳ ☛✗✘✯✑✛☛ ✠☞☛ q✢✘★✄✰✾☎☛✗✘☎✂✦✚ ✘☞✑❦❃✛✠✧❀❪❳➁❃✛✠✱❀✩✘ ❯ ✙▼✼✬✠
❃✛✢❉✘☎✂✟✘✁❯☎✼✿❇☞☛✭✢❱P☎✑✥✠❄P☎✑✥✢ ✄ ✠✽✄✕✢✣☛✔✑✥✠ ✠✧✼★☛✣✖✕✠ ✒ ✠✓☛ ☞✠☎✍✚✗✚✍✂ ✞
t
✠☎✄✆✚✗✖✕✙☎☛ ✙▼✼✬✄✸✄✖✙▼✼★☛✫❃✤✢✜✖ ✠✧✾☞☛✍✠☎✂✝✠❭✼★☛✆✘✴❁❆❁✍✠✧✾☞☛▲❇☎✄✆✚✢✘✑✖♣❀✱✠




✻r❾ ✢❂❃✬✠✧✼☎☛✒✢❂❁✭✢❪✾✓✘☞☛✍✢✮✙❏✼❖❃✛✠❿✾✪✠☎✄ ✚✗✖✕✙✤☛✒✙❏✼✚✄❥✼❲❾ ✘ ✚✤✑✔➊☞☛✣✖✕✠✱❁✣✘✪✢✣☛✕✠❿P☎✑✥✠ ☛ ✖✸❚☎✄ ✚✢✘✑✖ ☛✒✢✻✠❭❀❪❀✱✠✒✂✝✠✧✼☎☛ ✞
❚
✠☞✑❲❀✔✄✰❀✱✠✤✄
✄◆■✘✄✒☛▲❚☎✂✟✠✤✄❩❃❏❇✑✚☎❀❅✘❬✾✶❇☎✄✝✠✧✼☎☛✣✖✕✠ ✂✄✒ ✠✓☛ ✏ ✒ ✚✗✚✍✂ ✙❏✼☎☛❞❇✓☛▲❇✽✢❪❃✛✠✴✼★☛✭✢❂❁✒✢✄❇✤✄❩✾✪✙ ✂ ✂✝✠❊❇☞☛✿✘✴✼★☛♣❀✱✠☎✄✦✚✗✖ ✙☎☛✒✙❏✼✚✄♣❧✔✓
δ
❃✛✠✤✄
✖✸❇☎✄✕✢❱❃☎✑❅✄ ☛✛✢✔✄✏☛✍✢❂❃✛✢✽✼✬✠✤✄✐❀ ✢❂❯✢✘✧✼❏❃✘✄ ☛ ❤✫✢❂❯✤✑✢✖✕✠ ✂❍q◗✌✯✞❬✻✐❾ ✢✄❃✛✠✧✼★☛✭✢❂❁✭✢❪✾✓✘☞☛✒✢✻✙☎✼❩❃✛✠☎✄ ✘☞✑✛☛✣✖✕✠☎✄✹✄◆■✬✄✏☛▲❚☎✂✝✠☎✄✐❃❏❇✑✚❲❀✫✘✶✾✧❇✤✄ ✼❤❅✱✠✤✄✏☛ ✖✕✠☎✄✔☛▲❇
P☎✑☛❅❪❳ ❀❆❅❪❇☞☛✿✘☞☛①❃♦❅✑☛❍■✗✚✬✙☎☛ ☛✿❚☎✄✕✠✤✄✯✞
t
✠☞☛✱☛✍✠ ✘✓☛✱☛✣✖✭✢✝q✤✑✛☛✒✢✮✙❏✼ ❃✛✠ ✄◆■✥✄✏☛▲❚☎✂✟✠✤✄ ✘✧❁❆❁✭✠✧✾✯☛▲❇☎✄ ✚✢✘✑✖✱❀✮✠ ✚✢✘✑✖✻✘☎✂ ✘✴❯☎✼✿❇☞☛✍✢✌✄✞✂ ✠











✄✻✘✧✼✬✄ ✄✏☛✣✖✏✑❈✾☞☛✔✑✢✖ ✠⑧✾✪✙❏✼❍✼☎✑✥✠✧✦s✼✛✙✤✑✩✄✛✼✛✠✍✚✬✙✤✑❏❢✬✢✮✙☎✼✬✄✳❀✱✠❊❃❏❇✧❁✭✢✄✼✛✢❉✖❩P☎✑✥✠❊❃✛✠ ✂✦✘✧✼✛✢❪❚✑✖✕✠ ✘✑✖◆q✬✢✣☛✣✖✻✘✪✢✜✖ ✠✤✞②❜❂✠✉❀❂❳✧✦ ✠☞☛❂✠✴✼
❁✒✙☎✼✿✾☞☛✭✢✻✙▼✼❿❃✛✠✒❀✩✘ ❀✮✙❲✾✓✘✧❀✌✢✔✄✱✘☞☛✍✢✮✙▼✼❿❃✛✠✤✄ ✚✗✖✕✙✤☛✒✙❏✼✚✄ ✚✢✘✑✖ ✖✻✘✑✚✗✚✥✙✪✖✔☛ ✘☞✑❏● ✘✴●✬✠★✄❊❃☎✑ ☛✍✠✁✼✘✄✕✠☞✑✢✖❨❃✛✠❃✄✏✑✫✄✸✾✧✠✑✚✤☛✭✢✝q✬✢❪❀ ✢ ☛✸❇
☛❍✚✬✙✘✄✭✢✣☛✍✢✮✙❏✼❏✼❏❇ ✘✑✖◆q✬✢✣☛✣✖ ✘ ✢✮✖✕✠☎✂✎✠✧✼★☛✕✌✕✦ ✙❏✼ ✘✟✚✤✑ ❇☎✂✟✠☞☛✔☛✣✖✕✠❝❃✛✠★✄ ☛❍■✗✚✬✙✤☛ ☛❏❚☎✄✖✠☎✄✟✄✏✑✢✖✫❀✱✠✸☛❣■★✚✬✠❝❃✛✠❝❃❲❇✑✚☎❀✩✘✧✾✧✠✒✂✝✠✧✼☎☛❑P☎✑✥✠
















































































☎ ✘✁❁✏✢❂✼♥❃❲❾ ✠✧❁❣❁✍✠❽✾☞☛✔✑✥✠✑✖✎✑❲✼✛✠ ✘☞☛✔☛ ✖✭✢✝q✤✑✛☛✍✢✮✙▼✼❿❃✛✠☎✄ ✖✸❇★✄✕✢✄❃☎✑✩✄❨❃✛✠ ❀✩✘ ✚✗✖✕✙☎☛▲❇✼✢❂✼✛✠✶✞
✻r❾ ✢❂❃❲❇✪✠❘❇☞☛✿✘✪✢✣☛ ❃✛✠ ✖✕✠✑✚❲❇✑✖ ✠✑✖ ❃✛✠☎✄ ✄◆■✬✄✏☛▲❚☎✂✝✠☎✄❨❃✛✠ ✄✿✚ ✢❂✼✘✄❨✾✕✘✑✖✻✘✧✾☞☛▲❇✛✖✭✢✌✄✏☛✍✢❂P☎✑✥✠✤✄ ✘✴❢✬✠✧✾ ❀✱✠☎✄❨❃✛✢❂❁◆❁◆❇✛✖✕✠✧✼☎☛✕✄ ✄✝✚✬✠✧✾✯☛✣✖✕✠☎✄
☛ ✏
t ❚




✢✫P☎✑✥✠❭❀❪P☎✑✥✠✤✄ ✚✗✖✕✙☎☛ ✙▼✼✬✄ ✙❏✼☎☛ ✚✤✑ ➊☞☛✣✖✕✠ ✢❂❃✛✠✧✼☎☛✍✢✽❁✒✢❪❇✤✄✕✦✎✼✳✙✳✑✩✄❝✼❲❾ ✘✴❢✬✙❏✼✘✄ ✝✱✘✒✂ ✘✪✢✔✄ ✚✤✑♥✾✧✙▼✼❏✼✬✠✧✾✯☛✍✠✑✖✽✄✻✘✴✼✩✄
✘☎✂♣q✬✢✽❯✤✑✏✎✴☛▲❇❄❀✱✠☎✄✺P☎✑✥✠✧❀❪P☎✑✥✠✤✄ ✖➆❇☎✄✕✢❪❃☎✑✩✄♣P☎✑✥✠ ✼✛✙✤✑✩✄ ✘ ❢✬✙❏✼✚✄✜✢➍❃✛✠✴✼☎☛✍✢❂❁✏✢❪❇✤✄✯✞❤✻ ✘ ✚✗✖✕✢❂✼❲✾✪✢✜✚▼✘✧❀✱✠ ❃✵✢❂❁◆❁✒✢❪✾✧✑❈❀✣☛▲❇✳❢✥✠✧✼✗✘✪✢✣☛✫❃☎✑
✂ ✘✧✼❏P☎✑✥✠❦❃✛✠ ✖✸❇☎✄✖✙☎❀✣✑✛☛✍✢✮✙❏✼ ❃✛✠✤✄ ✄✝✚✬✠✧✾✯☛✣✖✕✠☎✄  ❍❜❂✦ ✢❂✼✿❃☎✑✘✢✔✄ ✘✴✼☎☛ ☛✣✖✍✙✪✚ ❃✛✠ ✄✏✑✢✚✬✠✑✖✝✚✬✙✘✄✭✢ ☛✭✢✮✙❏✼ ❃✬✠☎✄ ☛✿✘✧✾☎☛✛✠☎✄ ❃✚✠
✾✪✙✗✖❍✖➆❇❭❀❅✘☞☛✭✢✻✙▼✼ ✚✬✙✳✑✢✖✦✘✷☛✌☛✣✖✍✢❱q✶✑✥✠✑✖✛❀✱✠☎✄ ✄◆■✘✄✒☛▲❚✒✂❂✠✳✄❞❃✛✠❆✄✝✚✬✢✽✼✥✞ ❉✝✙✳✑✩✄✤✘♠❢✬✙❏✼✚✄❞❃✛✙▼✼✿✾❊❃❏❇✧✾✪✢✄❃❏❇❨❃✛✠ ✂❂✙☎❃✛✢✄❁✭✢✱✠✑✖✛✼✳✙☎☛✣✖✕✠
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E. coli - (DH5α) – pVN 10-2 




50mL milieu liquide liquide 
37°C 
1% 1% 
50mL milieu liquide(15N) 
37°C 




10 x 1L milieu liquide (15N) 
37°C /200 
10 x 1L milieu liquide(15N/13C)  
(100% D2O) 
37°C 
DO = 1.6 
Arrêt de la culture 
Pré-culture en 
bouillon M9 
DO = 1.2  
Arrêt de la culture 
Culture 
Induction IPTG 0.5mM 
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❃✵❁ ✿❴P❬▼❨❁✙❑❈P❬❉✵◆✈✾✧❆✡❙✓✻✧❁➄❣➒✿☎❉✬✽✮■✬➃✧❙✺✽✥❙q✿☎●➎❃✵✹✡✻✬✿❞❃❅■➉P✣✹✼◆❞❑✧❉❊✻➉➺❵▼☎❙q✿❂❦②↔❚➞➤✽❱⑤❋❹➈◆✈❾ ❑❈↔ ❺❀⑩ ➏❈♥❄✉➌■❀✻❯❁ ❆✡❉✵✻✵❆✍❁✼✻❍P❬▼☎✹◗P❬❙✓❉✵✻
➆❖❙✓✻✧✹✡✽✺❁❤❃✵❁ ④✘  ❣❴❑✧❉✧❙✓❃✬✿❴♦qr❊❉✬✽❭■❳◆➠❁✂♥✈❑✧❁✡✻✵❃✵✹✡✻❅P➎✲➎➍✵❁◗■✧▼❨❁ ✿☎❉❈■❏✿❚✹✙t✧❙❭P✣✹◗P✣❙✓❉✵✻ ✉ ➀➊➎✟➞❲⑩❵➡❲❑✵▼☎→❈✿❚❆✡❁✡✻❅P❬▼☎❙✓➆✥■✧t❳✹◗P❬❙✓❉✵✻➚✉
✲✡⑤❋❹✵❹✵❹➠▼❖❑✧◆❚➏❏✉❩➀➊➎✝➞➤➏❀❑✧❁✼✻❯❃✬✹✡✻❍P✫④✧❹➼◆❚❙✓✻❈■✵P✣❁❅✿☎➏❏✽✓❁➠✿❴■✧▼☎✻✵✹✂t❀❁✡✹✂✻❅P❇❁❅✿❬P❵P❬▼☎✹✙❙❭P✣●❩❑✧✹✂▼➤❃❅■➉✿❴■❳✽✥➆✣✹◗P✣❁✈❃❀✷✺✹✡◆➠◆❚❉✬✻✵❙✔■❳◆ ✉
❺✵❹✕  ❣❴❑✧❉✵❙✓❃✬✿❬♦qr✧❉✬✽❭■❳◆✘❁✙♥☎➏❱❑✧❁✡✻✵❃✵✹✡✻❅P➎✲➎➍✵❁✟■✧▼☎❁❤✉❤➀❴➎❂➞➤➏➅✹✡➆❖❙✺✻ ❃✧❁ ❑✵▼☎●✡❆✡❙✓❑✧❙❭P✣❁✙▼❩P✣❉❈■❈P✣❁❅✿❚✽❧❁❅✿❚❑✵▼☎❉❅P✣●✡❙✓✻✵❁❅✿❘⑩▲➡❲❑✵▼☎→❈✿
❆✡❁✙✻❍P❬▼☎❙✑➆✥■✧t❳✹◗P❬❙✓❉✵✻ ✉➛✲✡⑤❋❹✵❹✵❹➚▼❖❑✧◆❚➏❄✉➈➀❴➎❂➞➅➏❲❑✧❁✙✻❯❃✬✹✡✻❅P✘④✧❹➚◆❚❙✓✻❈■✵P✣❁❅✿☎➏❲✽✓❁ ❆◗■❳✽✓❉❈P➠❑✵▼❨❉❅P✣●✙❙✓❻❅■❳❁➈❑✧❁◗■✵P➻➸✝P❬▼☎❁ ✿✣❉❊❙❭P
❆✡❉✵✻❈t✧❁✡✽✓●❲❃✵✹✡✻❀✿✫✽❬✷✥✹✓❷✼❉❯P✣❁s✽✓❙✓❻❅■❳❙✺❃✵❁❲❁◗P✫✿❴P❬❉✧❆✙➁✧●❲✉✚✙ ❶❋❹❯➎❂➞➤➏❼✿❨❉❊❙✔P③❃❈❙✔▼❨❁✡❆◗P✣❁✡◆❚❁✡✻❅P❏■✵P❬❙✓✽✓❙②✿❂●❋⑩
✾❚✌☎✏✮❃❖✎q✒✔✁  ✮✤✬✁❖✏✆✾ ❃❨✏❤❚✡✆✟✠✂✁✥✤ ✂❈✎q✆✟✠✚✙✍✄❨✏❧✒✔✆✟✞❱✠✂✁✄ ✮✌▲ ✂✕✗✖✘✠✙✁✛✚✍✜✣✢✥✤✧✦✟★✡✢☎✩❵✪❀✤✧✪✟✭✔✭✮✯✔✰✙✱✟✩
✲✟➀✧✳
▼❝▼❧◆❹❾❯◗✍✌❪❚✄❽✚❞✁ ⑤❞❣❱✼❵✣❬ ❞❣❙❯➃❡❢❼❨➆❘❩❭❲❽✓❙✣❬✁➂➆❞❣➃❲❨✼❘
▼❝▼❧◆❹❾♣◆ ❖✼◗ ❿❶❳❲❽✚❙❯❜➇❵✣❬✁❙✄✂♣❽✚❵❯❭❼❳❲❞❛❨☞❭❼❵❯❽✤❬✁❵❯❜❡❞❣❘❝❵✄✂♣❨☞❜❡❙ ❫❛➂✼❱✼❚❲❫❛❵❯❞P❽✓❨☞❘✥❚✄❽☎✂❯❨✼❫✄✆✡❿☎✆✞✝✄✟
➡❲❑✵▼☎→❍✿❱❑✵▼☎●✙❑✧✹✂▼☎✹◗P❬❙✓❉✵✻➄❃✵❁❅✿➦❁✙❿❈P❬▼☎✹✡❙❭P☎✿❇❆✡❁✡✽✓✽✔■❀✽✺✹✡❙✓▼☎❁❈✿➅✿❨❉✬✽❭■✧➃✧✽✺❁❯✿❨➏❀✽✓❁✈❆◗■❳✽✓❉❈P✫❁✙✻➎✿❴■❳✽✥➆✣✹◗P✣❁❩❃❀✷✺✹✡◆➠◆❚❉✧✻✵❙❧■❳◆➳❁❈✿❴P
▼☎❁✡◆❚❙q✿✸❁✼✻❤✿❬■✗✿✣❑✧❁✡✻✬✿☎❙✓❉✬✻➎✹✙r❊❁❅❆❩■✧✻➄r✧❉✬✽✮■❀◆✘❁❚❃✵❁❩P✣✹✼◆❞❑✧❉❊✻➎➡ ❣✣➺ ▼☎❙✥✿❨❦②↔❚➞➤✽✗④❀⑤➄◆✈❾➇➏☞❑❈↔➫❺❀⑩ ➏❈♥➤❑✵❉❈■✧▼✸✹❘P✺P✣❁✙❙✓✻✵❃❈▼☎❁
■✧✻✵❁✘❆✡❉✵✻✵❆❍❁✡✻❅P❬▼☎✹✝P❬❙✓❉✵✻❤➆❖❙✓✻✧✹✡✽✥❁✘❁✡✻ ❑✵▼☎❉❅P✣●✂❙✑✻✧❁❍✿❲❃❏✷✥❁✡✻❈r✧❙✔▼❨❉❊✻➾❺✬❹✵◆✈t❈♦❬◆✘✽q⑩❱✲✟④➉◆❷✶ ❃✵❁➠❆❍❁◗P✥P✣❁➄✿☎❉✵✽❭■✵P✣❙✓❉❊✻➎❑✵▼☎❉❅P✣●✙❙❧❻❅■❏❁
❣➒✿❨❉❊❙❭P✸❶❍➀✧❹ ◆✈t✵♥❲✿❨❉❊✻❍P➤❆✡❁✂✻❅P❬▼☎❙✓➆✥■✧t✧●❯✿✸✉❤✲✡⑤❋❹✵❹✵❹➄▼❖❑✧◆❚➏✗✉✈➀➊➎✟➞➅➏❏❑✧❁✙✻✵❃✵✹✡✻❍P✈✲✂❹ ◆❚❙✓✻✵➏❏❑❈■❀❙q✿➑❃✵●✙❑✧❉❀✿☎●❅✿❲✿❬■✧▼s✽✺❁ t✧❁❍✽
➡❄➞➅➡➯⑤❍➀ ❣❴④❏⑩ ➏❅❿✧❺✵❹➚❆✡✻✵◆✘➏❲✳✵❺❈④ ◆✈✶❇➏➅➔❚✽❭P❬▼☎❉✵t✧❁✙✽✓➏s➲❴➧➤①❏♥➄❑✵▼❨●✡✹✡✽✓✹✙➃✧✽✥❁✡◆✘❁✡✻❅P✘●✍❻❅■❀❙✓✽✥❙✔➃✧▼☎●➉❑✧✹✙▼➄✳ r✧❉✬✽❭■❳◆✘❁❈✿➄❃✵❁
P✣✹✙◆✈❑✧❉✵✻ ➡❚⑩s➞➤❁◗PqP✣❁ ❆✍❉❊✽✓❉✵✻✵✻✵❁ ➡❞➞➅➡ ⑤❍➀➭✿❂●✙❑✧✹✙▼☎❁ ❃✵❁ ➆❖✹✡✠✡❉✵✻ ❉✵❑❅P❬❙✓◆✘✹✡✽✥❁ ✽✺❁❈✿➄❑✵▼☎❉❈P✣●✙❙✓✻✵❁❅✿➾❃✵❉✵✻❅P➄✽❧✹➇◆✘✹❈✿✝✿❂❁
◆❚❉✬✽✺●✡❆✟■❀✽✺✹✡❙✓▼☎❁❩❁❍✿❴P✫❆✍❉❊◆✈❑✵▼☎❙q✿☎❁❄❁✡✻❅P❬▼☎❁✈⑤❚❁✟P✫❺✵❹✈➁❈➂❚✹❋⑩❅✶✸✷✥●✡✽❭■✵P❬❙❧❉✬✻✘❁❅✿❴P✛▼☎●✡✹✡✽✓❙②✿❨●❍❁❩✉s■✧✻✘❃✵●✍➃✧❙✮P✫❃✵❁❄❹❀⑩❭✳➠◆✈✶❵♦❬◆❚❙✓✻➄❁◗P
❃✵❁❅✿➤➆q▼☎✹✍❆◗P❖❙❧❉❊✻✧✿➤❃✵❁❩➀➎◆✈✶➛✿❨❉❊✻❍P❇❆✡❉❊✽✓✽✓❁❍❆◗P✣●✍❁❅✿✟⑩✧➞➤❁✡✽✑✽✺❁❈✿☎❦✣❆✼❙❵✿❨❉❊✻❍P❇✹✙✻✵✹✡✽✑✾❳✿❂●✡❁❅✿❇❑✧✹✙▼s✿❖❑✧❁❍❆◗P❬▼✣❉❀✿☎❆✡❉✵❑✵❙✓❁✈●✡✽✺❁✡❆◗P❬▼☎❉✵✻❈❙❧❻❅■❏❁
➔❞✐✈❦②r✧❙q✿☎❙✔➃❳✽✥❁❚❛✈✽✓❁❈✿➊➆q▼☎✹✡❆◗P✣❙✓❉✵✻✬✿➊❆✡❉✵▼❖▼☎❁❅✿✣❑✧❉❊✻❯❃✵✹✙✻❅P ✉ ✽❧✹ ➜✧➢s➪ ✿❨❉❊✻❍P❤▼☎✹❍✿✝✿☎❁✡◆✈➃✧✽✺●✡❁❈✿➊❁✡✻ ➆❬❉✵✻✵❆◗P✣❙✓❉✵✻ ❃✵❁ ✽✓❁✟■❀▼
✹◗➃❏✿❨❉❊▼❴➃❊✹✙✻✧❆✡❁➄✉✍➏✬⑤❋❹❤✻✵◆ ❣❨✽❧❉❊✻❋t❈■❏❁◗■✧▼❄❃❀✷✺❉✵✻✵❃✵❁➄❆✡✹✙▼❨✹✡❆◗P✣●✙▼☎❙✥✿❖P❬❙✓❻❅■❳❁➄❃✵❁➄❆✍❁✼✻❍P❬▼☎❁➌①③❁✝➙☞☛✟➜➊✉➼✽ ✷✥●◗P✣✹✟P✸❉❯❿✵✾❯❃✵●✙♥❘⑩❼✶❇❁❈✿
➆q▼☎✹❍❆◗P❬❙✓❉✵✻❀✿❱▼❨✹❅✿✟✿☎❁✡◆✈➃❀✽✺●✡❁❈✿✸✿☎❉✵✻❅P❇✹✡✽✓❉✵▼✝✿➤❃✵❙✥✽✔■❳●✡❁❈✿➤✹✙r❊❁✡❆➠⑤➌r❊❉❊✽✔■❳◆➠❁❍✿✸❃✵❁❪P✣✹✡◆✈❑✧❉❊✻➠➧➥❣❖➺❵▼☎❙✥✿☎❦q↔❚➞❱✶ ✲✂❹➼◆✈❾⑨➏❀❑✵↔
❺❀⑩ ➏❈♥➉❁✝P➾❆✙❉✵✻✵❆✡❁✡✻❍P❬▼☎●✡❁❅✿➾❑✧✹✙▼ ■❳✽❭P❬▼☎✹✙➆❬❙✥✽❭P❬▼❨✹◗P❬❙✓❉✵✻ ✿❴■✧▼➉❆✡❁✡✽✺✽❧■❳✽q❁ ➂❚❙✓✹✡➆❖✽✓❉ ●✡❻❅■❳❙✑❑✧●✍❁➚❃☞✷✔■❳✻✵❁➚◆✘❁✼◆✈➃✧▼☎✹✡✻❯❁✍✌❩❾➭✲✂❹
❣❴➡❄◆➠❙✺❆✡❉✵✻❚❆✡❉❏⑩ ♥✝⑩








✺❆✺❆✺➅✻✁✿ ✟➇✿❂❇✖✕✠✡❪❅☛✡ ❈✯✺❆❉✠☎✞✝ ✺❆✽ ✺■❍❑❏▲❅ ✡
▼❝▼✥▼✾◆P❖✼◗✘✗⑨❫❣❨➆❱✓❬✥❽✓❙❯❭❲❳❲❙✟❽✚✙✼❘✾❨☞❢❲❨☞❭❲❽✓❙✣❬ ➂✼❞❣➃❲❨✼❘☎✛✄➈✢✜✡➈♣◗✍✌✣✆☞✤☞✗
✾❚✌☎✏✮❃❖✎q✒✔✁  ✮✤✬✁❖✏✆✾ ❃❨✏❤❚✡✆✟✠✂✁✥✤ ✂❈✎q✆✟✠✚✙✍✄❨✏❧✒✔✆✟✞❱✠✂✁✄ ✮✌▲ ✂✕✗✖✘✠✙✁✛✚✍✜✣✢✥✤✧✦✟★✡✢☎✩❵✪❀✤✧✪✟✭✔✭✮✯✔✰✙✱✟✩
✲✟➀✵➀
✶✸✷✺●✡✽✥❁❍❆◗P❬▼✣❉✵❑✵➍✵❉✵▼☎→❅✿☎❁ ✿❬■✧▼➄t✧❁✙✽❄❃✵❁➈❑✧❉✵✽❧✾❊✹❍❆✙▼❖✾✵✽✺✹✡◆➠❙✺❃✬❁✍➏❩❁✙✻ ❆✡❉❊✻❯❃❊❙✮P❖❙✓❉✵✻✬✿➼❃✵●✼✻❯✹◗Pq■✧▼☎✹✙✻❍P✣❁❅✿☎➏❲❑✧❁✙▼❖◆✘❁◗P➻❃✵❁




▼❝▼✥▼✾◆P❖❆◆P❖✼◗✍✌ ❽✓➂✼❭❲❵♣❽✓❵✣❬ ❞❣❙❯➃❡❢❼❨➆❘❩➂✼❱✼❳❲❵❯➃❴❬✁❞ ❫①❫❛❙❯➃❲❘
✶❇❁❅✿➦●✡❆✡➍✵✹✡✻❅P✣❙✓✽✥✽✓❉✧✻✬✿❱❑✵▼❨❉❅P✣●✼❙❧❻❅■❳❁❅✿s✿❨❉❊✻❍P❇❃❊❙✓✽❭■❼●❅✿➤❃✵✹✡✻✧✿❱④➎✉ ➏➌r❊❉✬✽❭■❳◆➠❁❍✿➤❃✵❁❪P✣✹✡◆✈❑✧❉✵✻➄❃✵❁✈❃✵●✂✻✵✹◗Pq■✧▼☎✹✟P❬❙✓❉✬✻




➞➤❉✵✻✵❆✡❁✙▼✣✻✧✹✼✻❍P❲✽✓❁❍✿✈❆✍❁✼✽✺✽✔■❀✽✺❁❈✿☎➏❩✲✘◆✈✶ ❃✵❁➎❆◗■❀✽✮Pq■✧▼☎❁ ❁❍✿❴P➑❆✡❁✙✻❍Pq▼☎❙✓➆✥■✧t✧●❅❁➎✉ ✲✡⑤❋❹✵❹✵❹ ▼❖❑✵◆ ❃❅■✧▼☎✹✙✻❍P❲④➈◆❚❙✺✻✧➏
❑❈■❳❙✥✿❲✽✺❁➠❆◗■❳✽✓❉❈P❱➃✧✹✍❆◗P✣●✙▼❖❙✓❁✡✻➾❁❅✿❴P➦▼☎❁✙❑✵▼❖❙q✿➑❃✵✹✙✻❀✿❲❃❅■➾P✣✹✙◆✈❑✧❉✵✻❤❃✵❁✘❃✵●✙✻✵✹◗Pq■✧▼❨✹◗P❬❙✓❉✵✻❤❁◗P➅❆✙➍✵✹◗■❳➆❬➆❖●✘✉➠✴✬⑤✒➎✝➞➭❃❅■✧▼❨✹✼✻❍P❲⑤
◆➠❙✓✻❳⑩













➺❵▼❖❙q✿☎❦②↔❷➞➅✽❵✲✝❾ ❑❈↔ ❶✧⑩✔❶ ✲❍⑩❧❶❄◆❩✶ ❹❀⑩✮❺✬❶❄◆❩✶
✃❩✽✔✾✧❆✍●✙▼☎❉✬✽❀⑤❋❹✕  ✲❍⑩ ④❚◆❩✶ ❹✈◆❷✶
↔
➘
➢ ❹✈◆✈✶ ✳❀⑩ ➀❚◆❩✶
➜❈➂➄➜➉✲✂❹✕  ➏✵❹✯➍❈✶ ⑤❋❹ ➍❋✶





➡❲❑✵▼☎→❍✿➠◆✘❙✑t✵▼❨✹◗P❖❙❧❉❊✻❯➏s✽✓❁❤t✧❁✼✽➑❁❅✿❴P❷❆✡❉✵✽✓❉✵▼☎●❤❑✧❁✙✻✵❃✵✹✡✻❅P❄■✧✻✵❁➉➍✵❁◗■✧▼❨❁ ✹✙r❊❁✡❆ ■❀✻❯❁➇✿☎❉✧✽❭■✵P❬❙✓❉✵✻⑨❃✵❁ ➃✧✽✺❁◗■ ❃✬❁
➞➤❉✵❉❊◆❷✹❯✿❂✿☎❙✺❁❩❣❖❹❀⑩ ④❀⑤  ➩➃✧✽✺❁◗■➻❃✧❁❲➞➅❉✧❉✵◆❚✹❈✿✝✿☎❙✺❁✡➏✵➀❀⑤   ●◗P❬➍❯✹✡✻✧❉❊✽✓➏❵✲✂❹✕ ➽✹✡❆✡❙✺❃✵❁❩✹✍❆✡●◗P✣❙✓❻❅■❳❁✡➏❵✲✂❹✕  t✬✽✓✾✧❆✡●✙▼❨❉✬✽✔♥✟⑩✡❽❏■❀❙q✿
✽✺✹ ❃✵●✍❆✡❉✬✽✓❉✵▼☎✹◗P❬❙✓❉✵✻➫❁❅✿❴P➇❁✙➆❬➆❖❁✡❆✟Pq■❳●✡❁ ❃✵✹✂✻✬✿ ■❀✻❯❁ ✿❨❉✬✽❭■✵P✣❙✓❉✵✻ ❆✡❉✵✻❅P✣❁✙✻❯✹✙✻❅P➇✳✵❹✕  ❃❀✷✺●✝P❬➍✵✹✙✻❯❉✬✽✓➏ ✲✂❹✕  ❃❀✷✥✹✍❆✼❙❧❃✬❁
✹✡❆✡●✟P❬❙✓❻❅■❏❁➯❁◗P ⑤   ❃✵❁➱t✧✽❧✾❊❆❍●✙▼☎❉✵✽q⑩ ✶❇❁❍✿ ◆✘✹✙▼☎❻❅■❳❁◗■✧▼✝✿ ❃✵❁ ◆➠✹❍✿✟✿☎❁ ◆❚❉✬✽✺●✡❆✟■❀✽✺✹✡❙✓▼☎❁ ■✵P✣❙✓✽✥❙q✿❂●❅✿ ✿❨❉❊✻❍P➩✽✺✹














✾❚✌☎✏✮❃❖✎q✒✔✁  ✮✤✬✁❖✏✲✼✜❃❖✏❤❚✡✆✟✠✙✁✥✤ ✂❋✎q✆✟✠✚✙✡✄❖✏✓✒➓✆✟✞❱✠✙✁  ❭✌✫ ✚✙✁ ✄✂➎✠✆☎ ✝✟✞✁✠❂✦✙✭✮✯
✲✟➀♣➏
✦✷☛✡✆❴✖☛✡ ✛✡✆❴✖✌☞✍☞❼✑✚✞s✔ ✖✏✎✍✛ ☛✡✆❴✑✏✎ ✑✚✌✤✙ ✎✒✑✚✞❶✔ ✠✷✖ ✗✾✙✜✛✡✆❴✞☞✎✣✢✤✑✁✔✍✖ ✦✷☛✑✎✓✒
✺✼✻✾✽❀✿❂❁✯❃✡❄✝✺❆❅✯❇✧❈✯✺❆❉❊❇❋❉❊●❊✺■❍❑❏▲❅




❑✧❉❈■✧▼s✽✓✹❚❑✵▼☎❉❅P✣●✙❙✓✻✧❁ ➜❈■❳➆❴➡➳❁❈✿❬P✸✹✡◆✈❑✬✽✺❙✓➆❖❙✺●➌❑✧✹✙▼➤❽❵➞❱➪ ✉➌❑✧✹✙▼❖P❬❙✔▼➑❃✵❁➠✽❬✷✥➡s➂❄➙ t✧●✡✻✵❉✬◆❚❙✓❻❅■❼❁➠❃❀✷⑦⑥➀⑧✏⑩➆♥❯✉❣✈➤✿☎❁✡✽✓❉✬✻❤✽✺❁
❑✵▼☎❉❅P②❉✬❆✂❉❊✽❧❁➩❃✵●✡❆✙▼☎❙❭P ❑✧✹✙▼➭➢❩✽✓✽✺✹✙t✧✻✵❙✺❁✙▼➭❃✵❁➫➞➦➍❯❉❯■❳❃✵❁✡✻✧✿ ❦✢✜❑r♣✉❖⑩ ➏➈④✧❹✵❹❈➀❏⑩➄✶❇❁❅✿➭✹✡◆❚❉✵▼☎❆✡❁❍✿ ■✵P❬❙✓✽✥❙q✿❂●✡❁❍✿➛❑✧❉❈■✧▼
✽❬✷q✹✡◆❚❑✬✽✓❙✥➆✣❙✥❆✍✹◗P❖❙❧❉❊✻➉❃✵❁✤✣❧②✦✥★✧ ✿✣❉✵✻❅P✸✽✓❁❅✿✈✿❬■❀❙✔r❳✹✡✻❅P✣❁❍✿✸❛ ⑤✧✷✺❦❖➞➤➞s✃❄➞➅➡❄➺❵➡❄➺▲✃ ✃❩➡❄➞➅➡❄➺✫✃❄➞➅➡❄➺✫➺▲➞➤➡❄✃❩✃❩➡❄➡❞➞➅➞➤❦






❃❀✷✺●✼✽❧❉✬✻❈t✧✹◗P✣❙✓❉✵✻➄➆❴❙✓✻✧✹✡✽✺❁✈❃✵❁ ✲✂❹➄◆➠❙✓✻❈■✵P✣❁❅✿➦✉✈❺❈④♣➎✝➞ ⑩ ✶❇❁❩❑✵▼☎❉✧❃❅■❀❙✮P❵❽❵➞▲➪➥❁❅✿❬P❇❁✙✻✬✿❬■❀❙❭P✣❁❞❃❊❙✔t❳●✙▼☎●❄❑✧✹✙▼➤✽✓❁❅✿➤❁✡✻❯❷✡✾✵◆✘❁❈✿
✭☞✇♣❦✡➲✘❁◗P✹✰✺✱♣♥✵➲❚❑❈■✧❙✥✿✘❆✡✽✓❉✬✻❯●➉❃✵✹✼✻❀✿✘✽✺❁ r❊❁✡❆◗P✣❁◗■✧▼❚❑❈➬➦➺ ④✵④❍➃✧❣✛✚❏♥❚❑✵▼☎●✡✹✡✽✺✹✙➃✧✽✥❁✡◆✘❁✡✻❅P❷❃❊❙➓t✧●✙▼☎●➉✹✙r✧❁✡❆➉✽✥❁❈✿✘◆✘➸✼◆✘❁❈✿
❁✙✻✒❷✼✾✧◆✘❁❈✿✫❃✵❁s▼☎❁❍✿❴P❬▼❖❙✓❆✟P❖❙✓❉✵✻❀⑩✡✶❇❁st✧→✙✻✧❁❲❆✡✽✓❉✵✻✵●❲➆ ✔✵P✫✿❨●✡❻❅■❳❁✙✻✵❆✍●❩✹✙➆❬❙✓✻✘❃✵❁❲❆✡❉❊✻❍P❬▼❻④✵✽✓❁✙▼✫❻❅■③✷✺✹◗■❼❆◗■❳✻✵❁❲❁✙▼❖▼❨❁◗■✧▼❵✻❀✷✺✹✡❙❭P✛●◗P✣●
❙✓✻❅P❬▼☎❉✧❃❅■✧❙❭P✣❁➵❑✧❁✡✻❯❃✵✹✼✻❍P ✽❧✹➵▼☎●✡✹✡❆✟P❖❙✓❉✵✻ ❃❀✷ ✹✼◆❞❑✬✽✺❙✥➆❖❙✺❆✡✹◗P✣❙✓❉✵✻❀⑩➈✶❇❁➵❑✧✽✺✹❅✿☎◆➠❙✺❃✵❁ ✹✡❙✓✻❀✿✝❙➋❉❈➃❈P✣❁✙✻❍■ ❁❅✿❴P ✻❯❉✬◆❚◆➄●
❑❈➬➦➺✛♦❨➜❯■✧➆❬➡❚⑩
✾❚✌☎✏✮❃❖✎q✒✔✁  ✮✤✬✁❖✏✲✼✜❃❖✏❤❚✡✆✟✠✙✁✥✤ ✂❋✎q✆✟✠✚✙✡✄❖✏✓✒➓✆✟✞❱✠✙✁  ❭✌✫ ✚✙✁ ✄✂➎✠✆☎ ✝✟✞✁✠❂✦✙✭✮✯
✲✟➀✧❺
①③❙✓t❈■✧▼☎❁➠✲❞❛✼r✧❁✍❆◗P✣❁◗■✧▼✗❑❈➬➦➺❵❦❴④✵④❈➃❊❣✛✚❏♥
✺❆✺✼✻✁ s❄✝❉✒☞ ❏ ☎ ❁❋✺❆❉✒✟ ❅❋❁  s❏ ❄✝✺✄✂❶✺ ☎✩✿❂❁❋✺✼❉✒✟ ☞✝❅ ❇ ✿  ❶❄✝❉❊❁❋❃✯✺ ✟✝❅ ✡✆☎✞✝ ✿
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◆➠❙✺✽✥❙✺❁◗■➎❾⑨✴➎❣❴④✵t❈♦✥✶ ❃✵❁➄➣✡✒☎➞✚✂☎❦❖✃❄✽❭■❳❆✡❉❀✿☎❁✡➏➤✲❩t❈♦✺✶ ❃✵❁➄➣q↕✥➙✈↔ ☛ ➞➤✽✓➏➅✲✈◆✈❾ ❾✇t❏➜✬➢ ☛ ➏③❹✵➏❨✲❄◆❩❾ ➞✸✹✡➞➅✽
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❺❀⑩✔⑤❋➏❪⑤❋❹ ◆❄❾ ➙✘✹✡➞➅✽✓♥✘❁◗P❄P❬▼☎✹✙❙❭P✣●❍✿❚❑✧✹✙▼ ✿❨❉❊✻✵❙✺❆✡✹◗P✣❙✓❉✵✻⑨✹✡➆❖❙✓✻ ❃✵❁➉❆✡✹❈✿✝✿☎❁✂▼➠✽✺✹ ❑✧✹✙▼❨❉✬❙✸❃✵❁❯✿❚➃✧✹✍❆◗P✣●✙▼☎❙✓❁❈✿✟⑩❵✶❇❁➈✽❧✾❳✿❂✹◗P








Bactéries - E. Coli BL21(DE3) 
Milieu solide + Ampi 100 µg/mL 
37°C 
15N/13C 
Bactéries - E. Coli BL21(DE3) 
100mL milieu liquide + Ampi 100 
µg/mL 
37°C / agitation 
Milieu solide + Ampi 100 µg/mL 
37°C 
100mL milieu liquide + Ampi 100 
µg/mL 
37°C / agitation 
1% 1% 
100mL milieu liquide(15N) + Ampi 100 
µg/mL 
37°C / agitation 




3 x 1L milieu liquide + Ampi 100 
µg/mL 
37°C /200 rpm 
3 x 1L milieu liquide + Ampi 100 
µg/mL 




DO = 0.9 
Culture 
Induction IPTG 0.5mM 
Récolte 3 H après ind. 
Pré-culture en 
milieu LB 
✾❚✌☎✏✮❃❖✎q✒✔✁  ✮✤✬✁❖✏✲✼✜❃❖✏❤❚✡✆✟✠✙✁✥✤ ✂❋✎q✆✟✠✚✙✡✄❖✏✓✒➓✆✟✞❱✠✙✁  ❭✌✫ ✚✙✁ ✄✂➎✠✆☎ ✝✟✞✁✠❂✦✙✭✮✯
✲✟➀✧✴
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